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ABSTRACT 
A major problem in the in-situ recovery of bitumen in the Athabasca oil sands is that, in 
spite of some form of thermal stimulation, much of the in-place bitumen in the vicinity of 
the producers is still too viscous, being largely at the reservoir temperature. This situation 
is complicated further in certain parts of the McMurray formation in the Athabasca, by a 
high water saturation zone ("bottom water") of varying thickness and extent underlying the 
oil sand zone. This study examined the role of bottom water for bitumen mobilization 
under reservoir conditions, i.e. ambient conditions. The effect of bottom water thickness 
and permeability, well penetration, injection rates and injection-production strategy on 


bitumen recovery were examined. 


A new model was designed and constructed in order to improve pack properties. This 
model allowed for the application of an overburden pressure, better control in the ratio of 
the heights of the two zones and well placement. It also reduced solvent override and 


channelling, thus resulting in a more efficient recovery process. 


It was found that a high bottom water thickness and permeability led to excessive 
channelling and low recoveries. Increasing the residence time improved bitumen recovery 
in view of increased transverse diffusion. The effect of well penetration was found to be 
fairly significant. A better strategy for increasing recovery is to place the injection well 
away from the bottom water layer and the production well fairly close to the same. 
Reducing the distance between the injector and producer resulted in a slight increase in 


bitumen recovery. A solvent-surfactant combination for bitumen recovery showed merit. 


The numerical simulator was able to predict the recovery trends for the different bottom 
water zone permeabilities qualitatively. Based on the simulation results it would seem that 


the ratio of the permeabilities of the two zones is a significant factor in bitumen recovery. 
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NOMENCLATURE XVi 


Latin Symbols 


symbolic representation of a set of thermodynamic properties 
breakthrough 

macroscopic liquid-phase volumetric solvent concentration 
microscopic liquid-phase volumetric solvent concentration 
critical transition concentration 

continuous solvent injection 

diffusivity, m2/s [cm2/s] 

liquid phase molecular diffusivity, m2/s [cm2/s] 

solid phase molecular diffusion coefficient, m2/s [cm2/s] 
grain particle diameter, m [cm] 

convolution Kernel 

formation resistivity factor 

acceleration due to gravity, m/s* 

height, m [cm] 

hydrocarbon pore volume 

interfacial tension, N/m [mN/m] 

injection well penetration 

permeability, um? [Darcy] 

bottom water zone absolute permeability to water, im? [Darcy] 
effective permeability to water, um? [Darcy] 

lithologic factor 

length, m [cm] 

mobility ratio 

Damkohler number 

Peclet number 

particle number density 

original bitumen in place 

overburden 

oil sand 

hydrodynamic pressure, kPa [Psi] 

production well penetration 


pore volume 
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din injection rate, m3/s [cm3/s] 

TpTo spherical particle radius, m [cm] 

fy velocity of dissolution, m/s [cm/s] 

S liquid phase saturation 

Sb bitumen saturation, % PV 

SV solvent 

S surfactant 

SOR solvent oil (bitumen) ratio, m3/m3 [cm3/cm3] 
t time, s 

Vv Darcy velocity, m/s [cm/s] 

u mass flux, kg/m2.s [g/cm?2.s] 

WHCR water hydrocarbon ratio, m3/m3 [cm3/cm3] 
WOR Water oil (bitumen) ratio, m3/m3 [cm3/cm3] 


Greek Symbols 


a adsorption coefficient, m/s [cm/s] 

a angle of inclination of the sand with respect to the horizontal, radians 
Os skin factor 

08] longitudinal parameter coefficient 

Ot transverse parameter coefficient 

3) transition layer thickness 

r mobility 

LL viscosity, Pa.s [cP] 

) porosity 

p density, kg/m3 [g/ml] 

oO packing inhomogeneity factor 

a dimensionless time of miscible displacement 
Subscripts 

b, o bitumen 

i spatial indices 

m matrix 

S solvent 

w water 
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1. INTRODUCTION 


Alberta has a large resource of heavy oil and oil sands bitumen, which are becoming 
increasingly important to Canada and North America as a whole, for two reasons. One, 
conventional oil reserves are on a decline and thus Alberta's oil sands must fill the shortfall 
in energy reserves. Second, conventional oil supplies are subject to the current political 
climate to which the Gulf crisis (1990) bears testament. A viscosity of several million 
mPa.s and little or no reservoir energy makes the bitumen virtually immobile under 
reservoir conditions and necessitates the use of new approaches for its recovery. Another 
factor affecting bitumen recovery in many reservoirs, especially in the Athabasca oil sands 
is an underlying high water saturation zone ("bottom water") of varying thickness and 


extent. 


Approximately seven percent of the oil sands are at a shallow depth such that they can be 
mined, while in-situ methods have to be used for the rest. Thermal recovery methods work 
best because heat drastically reduces bitumen viscosity making it more mobile. In fact, 
there are several major projects in operation that utilize one or a combination of thermal 
methods, for example cyclic steam stimulation and steamflooding. However, thermal 
methods have their own problems, including: poor injectivity which may make the injection 
pressures unacceptably high; maintenance of interwell communication between the 
producer and injector; tar blocking which occurs when bitumen moves to the cooler regions 
and seals the path, creating a zone of zero permeability; and last but not least, the presence 


of bottom water. 


Fracturing the formation is one way of improving injectivity,; however, it is difficult to 
predict the orientation and propagation of the fracture because of the uncertainty in the rock 
properties and composition. Another problem is keeping the fracture propped or 


otherwise, open, since the formation tends to expand with the heat, closing the fracture. 
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2 
To enhance interwell communication, surfactants, caustic, ozone and various solvents have 


been used under cold conditions and show potential. Bottom water can be detrimental by 
serving as a source of channelling or beneficial by providing an initial injection path. An 
example of the latter type is the Peace River project in which Shell is successfully utilizing 


the bottom water layer for bitumen recovery. 


Previous researchers have found solvents and solvent/surfactant combinations to be 
successful in mobilizing bitumen under reservoir conditions, in reservoirs with bottom 
water, but it is important to realize that any strategy that is used would have to be tailored 
for the location under consideration, since the compositions and thicknesses of both the 
bottom water and oil sand zones differ from location to location, and the factors affecting 
recovery would be different. This research addresses the problem of bitumen mobilization 
under reservoir, i.e. cold conditions. Two situations are considered in this research: one, 
where the in-place bitumen is mobilized by means of a solvent in the absence of any initial 
channel. In the second instance, an existing bottom water path is utilized for bitumen 
mobilization by means of solvent and solvent/surfactant combinations. The effect of 
variables such as bottom water permeability, injection strategies, etc., on bitumen recovery 


is investigated. 
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2. STATEMENT OF THE PROBLEM 3 


The objective of this research was to investigate the mobilization of bitumen under reservoir 
conditions, i.e. cold conditions in the presence of bottom water. This was to be 


accomplished through the following tasks: 


1. Design a new model that allows for the application of overburden pressure and better 


control and flexibility in packing different layers. 


2. Study the role of bottom water for bitumen mobilization by considering situations 


with and without bottom water. 


3. Investigate the parameters that affect bitumen recovery in the presence of bottom 
water. These include: 
a) Bottom water thickness; 
b) Bottom water permeability; 
c) Injection rate; 


d) Well interval and penetration. 
4. Study various approaches to minimize the consumption of injected material. 


5. Conduct numerical simulations of bitumen production in the presence of bottom 


water. 
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3. LITERATURE REVIEW 2 


The large heavy oil and oil sands deposits of Alberta are important energy sources for the 
future. However, it is considerably more costly to develop these resources compared to 
conventional oil, and thus innovative techniques must be developed for the economical 
exploitation of these resources. This literature review highlights some of the problems in 
hydrocarbon recovery from these resources as well as the experimental and field studies 


undertaken in their development, with the focus on the Athabasca oil sands. 


3.1 The Resource 

Of the four main designated areas of oil sands in Alberta, the Athabasca deposit is the 
largest and contains approximately 151 billion cubic meters of bitumen 1.2. The bitumen is 
extremely viscous and is virtually immobile at reservoir conditions. Also, due to the 
shallowness of the deposit and limited reservoir energy, application of heat and pressure is 
necessary for bitumen recovery. The overburden thickness ranges from zero to 700 meters 
and is largely composed of unconsolidated and/or permeable layers, which place limitations 


on the choice of recovery methods in many areas of the deposits3, 4. 


3.2 Reservoir Properties 

The geological characteristics and fluid properties of the oil sands are extremely variable. 
Formation thickness, mineral content, grain size, bitumen saturation and wettability vary 
within the deposit. The presence of natural geological conditions, such as high water 
saturation zones underlying (or overlying) the bitumen zones, and a high degree of vertical 
and lateral stratification affect recovery mechanisms and predictions. As a result, no one 
recovery technique is likely to be successful, rather, a unique concept would have to be 


formulated for the particular reservoir and geological conditions. 
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3.3 Recovery Concepts 

Approximately seven percent of the oil sands reserves can be exploited by surface mining 
techniques, the rest have to be developed by in situ methods. An important factor in the in- 
situ recovery of bitumen from oil sands is viscosity reduction, since viscosity determines 
the mobility. The most effective method of reducing viscosity is through the application of 
heat because bitumen undergoes a steep reduction in viscosity with a temperature increase. 
Another method of reducing bitumen viscosity is through dilution by a solvent. The 
application of heat for viscosity reduction has resulted in the evolution of thermal in situ 


recovery techniques such as cyclic steam stimulation, steamflooding and fireflooding. 


3.4 Problems in In Situ Recovery 

Thermal in situ recovery methods are widely used. However, there are certain production 
problems associated with the same due to the reservoir rock and fluid characteristics 3.5. 
First, because of the high bitumen saturation and viscosity and irreducible water saturation, 
fluid injectivity of the formations is very low, and requires an initial communication path 
between the injector and the producer. One method of achieving this is by horizontal 
hydraulic fracturing; however, fracture orientation depends on the relative magnitudes of 


horizontal and vertical stresses in the formation and is difficult to control. 


Second, it is difficult to keep the communication path open due to blockage by the 
mobilized bitumen, and increase in the viscosity of the mobilized bitumen in the cooler 
parts of the formation. If the oil sands formations are shallow, it may not be possible to 
apply an adequate injection pressure. A third recovery problem is the presence of high 
water saturation zones in the formation which result in injection fluid loss. Under 
favourable conditions, however, these high water saturation zones may be beneficial in 


providing initial injectivity and also for providing a flow path for the mobilized bitumen. 
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3.5 Maintaining Interwell Communication 

Much work has been done in the laboratory and the field on the creation and maintenance of 
interwell communication. It has been found that it is difficult to maintain communication 
with injection pressures below the fracture pressure. One of the methods suggested for 
maintaining communication at a lower pressure requires initial emulsification at reservoir 
conditions followed by heating of the communication path such that the bitumen entering 


the path would be emulsified. 


Redford and Cotsworth 35 found that emulsifying agents such as a combination of an 
alkali and a nonionic surfactant, were successful in preventing formation plugging, and a 
low pressure process could be developed on the basis of a hot communication path through 
the oil sand. Laboratory studies showed that ozone readily reacts with bitumen at 
formation temperature to form partly water-soluble surface-active agents, which aided in 


the subsequent removal of bitumen at formation temperature around the fracture path. 


3.6 Solvent Enhanced Communication 

The use of solvents forms the basis of a wide range of enhanced oil recovery methods® and 
is a possible method of creating and enhancing interwell communication in the oil sands. 
In solvent displacement of bitumen, the objective is to reduce bitumen viscosity through 
dilution, thus increasing its mobility”8. Pirela and Marcano? studied the rheological 
behaviour of mixtures of solvents and Venezuelan heavy crude oils in various proportions, 
at several temperatures. They found that the low viscosity of the mixtures, and the ease 
with which the solvent could be reclaimed made it a viable alternative to heat in the recovery 


and transportation of heavy oil. 


The use of solvents in any in situ method is likely to be expensive, and it is therefore 


important to use the smallest possible amount. Also it has been found that the improper 
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choice of a solvent can lead to asphaltene precipitation. Warious studies have been 


conducted using both light and heavy hydrocarbons such as naphtha, propane and carbon 
tetrachloride as well as gases like carbon dioxide. Raplee, Cottrell, Cottrell, and Raab!0 
carried out various solubility and viscosity screening tests on different solvents. They 
concluded that the best solvents to use were the ones that were chemically similar in nature 
to the resource. For the Athabasca bitumen they found Suncor coker naphtha to be the best 


choice. 


Hernandez and Faroug Ali !! studied the effectiveness of a number of solvents as recovery 
agents, in oil sand packs and found naphtha to be the best choice from a practical point of 
view. Their results showed that the injected solvent swept a small portion of the sand 
volume, however, it was adequate to create a permeable path for the injection of additional 
fluids. They found that bitumen recovery depended on the displacement rate, and that 
solvent re-circulation after the production of the initial rich effluent significantly reduced 


solvent requirement. 


Isaacs and Green!2 experimentally evaluated the potential of injecting refinery solvent 
mixtures to displace bitumen along a cold fracture path. Displacement experiments, using 
oil sands at 10°C, were carried out to determine the relative solubility of several solvents in 
extracting bitumen along the initial fracture path. Since incomplete miscibility between 
some solvents and bitumen caused asphaltene precipitation, the solvents were ranked in 
terms of compatibility with bitumen on the basis of the Bichard test and the asphaltene 
precipitation test. Their findings suggested that solvents that were best in solubilizing 
bitumen were not well suited for enlarging communication paths. Efficiency was based on 
the ability of solvents to create a zone of low bitumen saturation along the channel, without 


extracting bitumen from the other oil sands region. 
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3.7 Miscible-Thermal Methods 

Many studies have been carried out on the combined use of heat and solvents. Hernandez 
and Farouq Ali 1! studied the use of several solvents in conjunction with steam. They 
found that solvent injection before steam was effective in creating a path for subsequent 
steam flow. Recovery was found to be dependent on slug size. Alikhan and Faroug Ali 13 
investigated the recovery of heavy oils from unconsolidated porous media. The net oil 
recovery was found to depend on the rate, viscosity of the oil and solvent, and the slug 


size. 


Farouq Ali and Abad!4 found that the bitumen recovery was determined by the type of 
solvent, the slug size and the solvent placement. Farouq Ali and Snyder!5 studied the 
recovery of bitumen from Athabasca oil sand using naphtha as solvent. They concluded 
that oil recovery depended on the rate of displacement, the recovery being higher at lower 
rates. Moreover, formation plugging due to asphaltenes was found to be a problem only 


after a large volume of solvent had been injected. 


Redford16 investigated the effect of combined injection of carbon dioxide and 
hydrocarbons on the operating recovery mechanisms. He concluded that a much larger 
sweep efficiency was obtained when the dual additive process was used. In all studies it 
was found that oil recovery by solvents was a viable method, especially when used with 
steam or other chemicals. Also solvent injection facilitated the much needed 


communication between the injector and the producer in the case of oil sands. 


Shu and Hartman!7 conducted a numerical study to delineate the recovery mechanism when 
solvents were used as steam additives. They concluded that coinjection of solvents with 
steam improved production during a steam slug process, while pre-injection was not 


helpful. Volatile solvents were found to accelerate oil recovery, while medium volatility 
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2 
solvents provided the largest increase in total oil recovery. The success of the recovery 


process depended on the placement of the solvent in the reservoir, which in turn, was a 


function of solvent volatility and steam advance rate. 
3.8 Bitumen Leaching 


3.8.1 Dissolution 

Dissolution is the initial mechanism for bitumen leaching in which the surface phenomenon 
of adsorption is the driving force. Absorption is an internal phenomenon by which solvent 
accumulates in the solid interior, resulting in an increase in solid mass. This increase is a 
result of internal solvent diffusion bounded by a critical concentration, C*, which is the 
function of the equilibrium concentration, Se, above which pore space is not available for 


expansion. 


Once the local concentrations about the contact reach the critical concentration, or in other 
words, when the absorption rate exceeds the adsorption rate, an irreversible phase change 
resulting in the dissolution of bitumen takes place. Thus dissolution is governed by the 
Damkohler number, Npa, which is the characteristic ratio of the solvent adsorption rate in 


the liquid phase to the solvent diffusion rate into the interior of the solid,!8 as follows. 


where Npg is the Damkohler Number, Ds is the solvent diffusion rate into the solid anda@ 


is the adsorption coefficient. 


3.8.2 Miscible Displacement 
In the absence of dissolution, the special case of constant fluid saturation constitutes the 
miscible displacement of an initial bitumen distribution 1920. Miscible displacement of oil 


by a solvent can be described by the convective-diffusion transport phenomenon. 
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10 
3.9 Factors Affecting Miscible Displacement 


3.9.1 Mobility Ratio 
Mobility ratio is the most important parameter in miscible displacement and has a significant 
effect on the integrity of the solvent slug and volumetric sweep. Mobility ratio, is defined 


as the ratio of the mobility of the displacing fluid to that of the displaced fluid 


where the mobility of fluid i, Aj, is defined as the effective permeability of the rock to fluid i 
divided by its viscosity, kj/j. In the case of a viscous oil being displaced by a solvent, 
there will be considerable mixing as well as fingering and an effective mobility ratio can be 
defined which is a function of the mixture viscosity divided by the solvent viscosity. This 
ratio is greater than one (unfavourable). Under these conditions, the solvent front becomes 
unstable, and numerous solvent fingers develop and penetrate into the oil in an irregular 
pattern. These viscous fingers lead to earlier solvent breakthrough and lower oil recovery 


after breakthrough as compared to a stable displacement front 21, 


3.9.2 Mixing of Fluids by Dispersion 

Diffusion and dispersion in porous media are important in miscible flooding as they have a 
large influence on the success of the flood. Diffusion is a process whereby mixing occurs 
due to random motion of molecules while dispersion is additional mixing as a result of fluid 
movement. There are two types of dispersion; longitudinal which is in the direction of 
fluid flow, and transverse dispersion which is normal to the flow direction. Perkins and 
Johnston22 presented a comprehensive review of the mechanisms and equations for 


longitudinal and transverse dispersion. 


Slobod and Thomas23 studied the effect of transverse diffusion on viscous finger 
development in miscible displacement at an unfavourable mobility ratio. They concluded 


that at a low flow rate, which provides a long residence time for the fluids to remain in 
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contact, transverse diffusion is sufficiently rapid to modify the numerous narrow fingers 


into a single slightly bulging finger. Giardano and Salter 24 used a compositional simulator 
to show the influence of dispersion in displacements with an unfavourable mobility ratios. 
They found that transverse dispersion could eliminate fingering in an unfavourable mobility 


ratio flood. 


3.10 Solvent Screening 
Solvents used for miscible flooding of viscous oils need to be screened carefully. Certain 
criteria that have to be met are: 
i) the solvent should be completely miscible with the oil and maintain miscibility, 
ii) There should not be any phase separation, since precipitated asphaltenes may 
cause formation plugging, 
ii) the solvent should reduce the viscosity of the oil, 
iv) the solvent should be recoverable, because of the cost factor or should be used in 


small quantities. 


3.11 Surfactants as Additives 

In oil sands, the viscous forces are more important then capillary forces; however, once the 
bitumen viscosity is reduced, capillary forces assume increasing importance. Surfactants 
are detergent-like materials that are introduced into a reservoir or generated in situ, 
primarily to reduce the interfacial tension between the hydrocarbon and the aqueous phases 


and improve oil recovery 29. 


Surfactants have also been used as additives to steam for mobility control. Isaacs, Prowse 
and Rankin?6 investigated the potential for surfactant additives in increasing bitumen 
recovery from oil sands. They used a petroleum sulfonate of 86 wt.% purity, based on an 


average equivalent weight of 418. The equivalent weight distribution is based on the 
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12 
molecular weight and the ratio of mono- to di- and polysulfonates They found that bitumen 


recovery from the oil sand test bed was substantially improved by the addition of a 
relatively small amount of surfactant to continuous steam injection at 250°C. Also, the use 
of surfactant in displacement experiments as compared to a conventional waterflood, 
resulted in a comparatively lower residual bitumen saturation. In the laboratory runs the 
surfactant losses were severe, which could have unfavourable implications in a field 


situation. 


Heidrick et al.27 conducted studies on the addition of a surfactant (a petroleum sulfonate) to 
a waterflood for bitumen recovery. They concluded that at unfavourable mobility ratios the 
observed flow exhibited viscous fingering but the addition of the surfactant to the water 
resulted in a more uniform sweep of the porous medium thus reducing the effect of viscous 
instabilities. Four main criteria in selecting a surfactant are: 

i) low water-oil interfacial tension, 

ii) compatibility with reservoir fluids, 

iii) low adsorption, 

iv) low cost. 
For a process to work it is important to fulfill the first two conditions, whereas, the last two 
conditions are of economic importance. Surfactant evaluation consists of determining 


adsorption, interfacial tension, and oil recovery properties. 


Petroleum sulfonates have been found to be useful in surfactant flooding. Raplee et al.10 
conducted a study of surfactants on different hydrocarbons. For the Athabasca oil sand, 
they found the petroleum sulfonate to be the best performer among the surfactants tested. 
Gale and Sandvick28 undertook a laboratory study to define optimum petroleum sulfonates 
for use in surfactant flooding. They found that various portions of the equivalent weight 


distribution made different contributions to the lowering of interfacial tension, adsorption 
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etc. The best combination of these properties was achieved by taking a broad equivalent 


weight distribution. 


3.12 Sampling Uncertainty in the Determination of Bitumen in the Oil 
Sands 

The Athabasca oil sand consists of a mixture of quartz sand, clays, bitumen and water. 
The quartz sand forms the bulk of the material with either the bitumen or water forming the 
majority of the continuous phase. The variability in the crude bitumen properties from site 
to site, and from one sample to another makes it very difficult to get a representative sample 
and is one of the problems facing the development of commercial technology for oil 
recovery. Wallace and Kratochvil2? carried out an analysis of bulk samples of Athabasca 
oil sand, and concluded that the sampling uncertainty was much greater than the analytical 
uncertainty in the description of its components. Thus if an average composition were 
required, the samples would have had to be combined, homogenized and subsampled prior 


to analysis. 


3.13 Reservoirs with Bottom Water 

As indicated previously many oil sands have a communicating underlying zone of high 
water saturation often called "bottom water". The presence of bottom water in any 
recovery process has two conflicting effects. It provides the needed injectivity for steam 
and serves as a transporting medium for the mobilized bitumen. On the other hand, bottom 
water can act as a solvent or heat sink. The magnitude of these effects is a function of the 
oil viscosity and density, relative thickness and permeabilities of the bottom water zone, 


vertical permeability, injection rate and oil saturation. 
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14 
3.13.1 Experimental Studies Involving Bottom Water 
Ehrlich3° conducted hot water and steam displacement studies on Wabasca heavy oil sand 
utilizing a bottom water zone. These studies dealt with both communicating as well as non- 
communicating bottom water zones. It was found that a bottom water layer served as a 
source of heat propagation, and that a considerable part of the oil was recovered before 


override occurred. The effect of rate on recovery was not studied. 


Huygen and Lowry3! carried out a similar study with the additional investigation of the 
effect of steam rate on oil recovery. It was concluded that a bottom water-zone provided 
the initial steam injectivity, and that oil recovery and steam-oil ratio were rate-sensitive. 
They suggested that the influence of bottom water zone and horizontal barriers were 


important factors. 


Kaleli32 conducted a study in which bitumen was mobilized under cold conditions using 
various injection schemes. A rectangular cross-section model was used to carry out the 
experiments in which the effect of oil thickness to bottom water thickness was also 
investigated. Their results showed the recovery to be strongly dependent on solvent slug 
size, thickness and permeability of the water zone. Among the various chemicals used - 
solvent, surfactant and carbon-dioxide- solvent stimulation with surfactant was found to be 
most promising. Up to 68 percent of the solvent and 85 percent of the bitumen-in-place 
were recovered. They concluded that a bottom water zone underlying a bitumen zone could 
be highly effective for bitumen mobilization. Based upon numerical simulation, a bitumen 
to bottom water layer thickness ratio of five was determined to be optimum. It was also 
found that a large bottom water layer led to the dissipation of the injected fluid while thin 


zones required a high injection pressure. 
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3.13.2 Numerical Studies Involving Bottom Water 
Faroug Ali and Oguztoreli18,19 carried out a theoretical investigation of the solvent leaching 
of oil sand. Their mathematical model was based on miscible displacement with 
dissolution. Three dimensionless groups were found to control the bitumen leaching 
process. The Peclet number governed the miscible displacement, while the Damkohler and 
solvent capacity numbers governed the dissolution process. Numerical simulation 
suggested that the efficiency of the leaching process depended on the flow rate, solvent 


slug size and the relative thickness of the bottom water layer. 


In a numerical study to evaluate the effectiveness of steam and steam-additive processes on 
bitumen recovery, Singh, Malcolm and Heidrick? found that for a given bottom water 
thickness, the injection-production strategy had a significant impact on bitumen recovery. 
Kisman, Best and Huyer?4 studied the influence of water sand intervals on steam drive 
and cyclic steam stimulation in a numerical study. They found that the performance 


improved when the water sand interval was thin. 


3.13.3 Mobility Control in Reservoirs with Bottom Water 

A significant portion of the in-place oil is not recovered by the existing oil recovery 
methods. Part of this oil is not contacted by the displacing fluids due to reservoir 
heterogeneity, and the rest is trapped by capillary forces and requires the use of methods that 
would decrease the oil/water interfacial tension. Under such conditions, mobility control is 
a factor of great importance. Recovery efficiency can be improved greatly by the use of 


mobility control agents such as surfactants, polymers, emulsions and foam. 


Islam and Faroug Ali35 conducted a systematic review of the mobility control agents 
available, and studied their relative merits under various reservoir and operating conditions. 


Their experimental results showed that a bottom water layer has an adverse effect on 
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16 
recovery. This effect is more prominent in thick bottom water zones. They also found that 
the ratio of the oil-to-water zone permeabilities had a greater effect than the ratio of the 
thicknesses. The rate dependence was not found to be significant under the conditions 
studied. Viscosity also played a significant role: the recovery rate decreased drastically with 


an increase in oil viscosity. 


All of the above-mentioned mobility control agents improved oil recovery, the choice of one 
over the other depending on the relative oil-water zone thicknesses, permeability contrast 
and oil viscosity. The optimal slug size and injection strategy were also discussed, noting 
that it was better to inject the mobility control agent closer to the bottom water zone when the 


layer was relatively thinner than the oil layer. 


3.14 Scaled Models 

Laboratory models play an important role in gaining an understanding of the production 
behaviour of the reservoir, and can be useful in determining the dominant mechanisms. 
However, to obtain useful results that are applicable in the field it is important to scale such 
experiments. Scaled models can answer relevant questions such as the effect of rate, well 
completion, well penetration and heterogeneities. Even though scaling limitations may 
preclude precise simulation of field process performance, model studies are of value in 


establishing trends that can lead to process optimization. 


The use of mathematical models in conjunction with physical models enhances the utility of 
the physical model for process optimization and description. Scaled laboratory models also 
provide a validation of the mathematical descriptions and techniques, It is important to 
note that the scaled model by itself may not represent the correct response of the reservoir 


due to the uncertainty in the reservoir characteristics due to heterogeneities and sparse 


sampling. 
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3.14.1 Scaling Parameters 


Scaling criteria can be derived by an inspectional or dimensional analysis. The use of the 
two methods in combination is often desirable since groups that may be missed in 
inspectional analysis due to approximations to the mathematical equations can be accounted 
for by dimensional analysis. On the other hand, unnecessary groups can be deleted by the 
use of inspectional analysis as their physical significance is clearer than in the case of 
dimensional analysis. Geertsma, Croes and Schwarz?’ derived scaling groups using 
dimensional and inspectional analysis for the the miscible displacement case under 


isothermal conditions. The groups are presented below. 
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The last two groups were found by dimensional analysis. 


3.14.2 Relaxation of Basic Scaling Criteria 

Satisfying all the scaling groups imposes a rather severe limitation on the design of a 
practical laboratory apparatus and thus it is often necessary to omit some of them. The 
proper choice of groups to be deleted has to be based on experimental results, i.e. a group 
may be deleted once it has been found to have negligible influence on a particular case. 
Pozzi and Blackwell 38 have presented a set of scaling criteria for laboratory size models to 
simulate miscible displacement for a wide range of reservoir conditions. The scaling 
criteria for quite a few phenomena in miscible displacement are still uncertain and as a result 


there may be an error due to the relaxation of the same39. 
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3.15 Field Projects in the Athabasca Deposit 


3.15.1 Gregoire Lake Block I 

One of the earlier projects was undertaken by the Amoco Petroleum Company, who 
developed the COFCAW process (Combination of Forward Combustion and 
Waterflooding). The process was tested in the Gregoire Lake Block I Pilot 4,40,41. 
Interwell communication was initiated using horizontal hydraulic fracturing. The fractures 
deviated when the interwell distances were large and very limited communication was 
achieved between the injector and the producer. Wet combustion could not be conducted 
and the pilot did not demonstrate the viability of the COFCAW process at commercial well 
spacings. Steam stimulation was also studied at the site; however, the technique was 


unsuccessful due to very limited production yields. 


3.15.2 GLISP Pilot 

Following the Phase I project, a steam test program was initiated in the Gregoire Lake 
area4l.42,_ This resulting project which is known as the Gregoire Lake In Situ Steam Pilot, 
GLISP, was operated by Amoco, AOSTRA and Petro Canada. A small inverted four-spot 
pattern was used. Hydraulic fracturing was conducted to initiate interwell communication. 
Due to the in situ stress effects existing at the depths of interest, the direction of the 
fractures was difficult to predict. Interwell communication between the wells could not be 
maintained. Also the injected steam tended to move up into the lower bitumen saturation 
zones from where it travelled to the producer. Foam surfactant was injected with the steam 


in order to reduce its mobility. This project was shut down in 1984. 


3.15.3 Kearl Lake Project 
The Kearl Lake project is one of the largest and more successful pilots in the Athabasca 


region4.43, It is a modified steamflood in which recovery consists of developing horizontal 
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19 
fractures to establish interwell communication, followed by a combination of hot water and 


steam injection. One of the geological features of the area under consideration is the zone 
of low bitumen saturation above the main zone of interest which results in steam override. 
Attempts have been made to utilize this low saturation zone for interwell communication. It 
is thought that steam override may have a commercial application based on the results of the 
pilot. The pilot recently passed the one million barrel production mark and is well on its 
way to join the other two successful pilots, the Peace River In Situ Pilot (PRISP) and the 


Cold Lake Project, both of which have commercial status now. 


3.15.4 AOSTRA Underground Test Facility Project. 

The AOSTRA Underground Test Facility (UTF) is one of the promising technological 
advances in the Athabasca region*#4. This project is a combination of mining and thermal 
methods which allows below fracture steaming and provides highly efficient steam use. 
The design consist of two vertical shafts through the oil sand zone to the limestone 
formation below, in which a tunnel system is excavated. Horizontal wells, in pairs, are 
drilled from the tunnels into the oil sand zone above. Each pair consists of a producer lying 


near the base of the oil sand and an injector about 5 m above the producer. 


Two thermal processes are in use in the facility. The main process is the Steam Assisted 
Gravity Drainage Process (SAGD). Steam is injected through the upper well and flows 
through the depleted zone to the cold oil face, where it gives up heat to the sand and 
bitumen. The mobilized bitumen drains to the lower well. The steam zone spreads as the 
pay zone is depleted. A second process is Chevron's Heated Steam Annulus Steam Drive 
Process (HASDrive). The process combines features of the SAGD gravity drainage with a 
controlled steam drive to effectively drain the formation. Both processes have been 


successful and bitumen recovery has surpassed the predictions. 
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20 
3.15.5 Other Projects in the Athabasca 


Shell Canada Company, Atlantic Richfield, Fina Oil Company all attempted to initiate 
interwell communication by horizontal fracturing. In most cases, communication could not 
be achieved due to formation of vertical fractures or could not be maintained due to well 
damage and plugging up by the mobilized bitumen. An example is the Shell Peace River 
Project* where interwell communication was maintained by high temperature emulsification 
of the bitumen, but the pilot was not economically viable. Suncor (1969) conducted a 
combustion pilot in which communication was achieved and maintained below vertical 
fracture pressure by simultaneously injecting solvent and air. Texaco Exploration (1973- 
85) was able to achieve interwell communication in one of its pilots in their Fort McMurray 
lease when the interwell distance was reduced. A combination of steam and naphtha was 


used for bitumen recovery. 
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4. EXPERIMENTAL APPARATUS AND PROCEDURES ai 


This chapter provides a description of the experimental apparatus, procedures and materials 
used for the study. Two models were used in this work. The original model - Model I 
was used to investigate the effect of bottom water thickness and permeability on bitumen 
recovery as well as the effect of interwell distance. The second model - Model II, was 
designed and constructed during the course of this study and was used to investigate the 


effect of well penetration and different injection strategies on bitumen recovery. 


4.1 Experimental Apparatus 

The apparatus used in the study comprised of the following major components: physical 
model, fluids, porous media, injection and production systems, pressure monitoring 
system, nitrogen cylinder for the application of an overburden pressure (Model II) and a 
data acquisition system. Figure 4.1 provides a schematic of the experimental apparatus. A 


listing of the equipment and manufacturer addresses is given in Appendix A. 


4.1.1 Physical Models 
Two rectangular models were employed in the present investigation. Model I was designed 
and constructed for a previous study by Kaleli32, while Model II was designed during the 


present study and has accounted for some of the obvious problems in Model I. 


Model I 

Model I (Fig. 4.2) consisted of a tubular aluminium vessel with a rectangular cavity 60.8 
cm long, with a lid at the top for packing in the oil sand layer. The pack (oil sand and 
ia water) was 3.8 cm in width and had a depth of 6.3 cm. The vessel could be rotated 


for packing the different layers and for clean-up. 


Two end-ports were provided for packing the bottom water layer. Entry for the wells was 


through the bottom of the vessel. Both the interwell distance and the well penetration could 
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Figure 4.1: Schematic of Experimental Apparatus. 
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End View ( Not to scale - all lengths in cm) 


Figure 4.2: Model I Top and End Views. 
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24 
be adjusted. The well heads were made from 40 micrometre filters. The model was rotated 


180 degrees for the bottom water runs. Up to eight wells could be installed in the model. 


A close-up view of the model is shown in Plate 4.1. 


Model II 

Model II (Fig. 4.3) was designed to minimize variations in the pack properties and allow 
better control in placing the wells and setting the exact ratio of the bottom water-to-oil sand 
thicknesses. An additional feature of the new model was that an overburden pressure of up 
to 4200 kPa could be applied to the model through a Neoprene diaphragm. An overall 
view of the apparatus is shown in Plate 4.2, while an inside view with the wells in place 


and the blank on the side is shown in Plate 4.3. 


The model consisted of an aluminium block with a rectangular cavity, 90 cm in length with 
a width of 3.8 cm and a depth of 9 cm on a stand that allowed the rotation of the model in 
both the vertical and horizontal directions. Lids were provided on both sides and two 
packing ports at one of the ends through which the oil sand and glass beads for the bottom 
water could be packed. The two lids facilitated the placement of a ‘blank’ which was an 
aluminium block of the same dimensions as the bottom water layer while the oil sand was 
being packed. These lids facilitated packing of the oil sand from the end-port, if needed. 
The interwell distance could be adjusted by using a combination of the five ports available 


for injection and production. 


Special wells of different heights were constructed to simulate different well completion 
intervals. These wells were made of brass and had a 40 micrometre filter at the end. Five 
"dummy wells" were incorporated, which could be used as plugs when the 


injection/production ports were not being used. 
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Figure 4.3: Model II Top and End Views. 
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Two end-ports were provided at each end of the model with 40 micrometre stainless steel 
sintered discs to ensure uniform fluid flow distribution. These ports were used for model 
saturation and for conducting permeability measurements. The bottom lid had a cavity for 
applying the overburden pressure. There were precte compensating set screws on both 
side of the lids which helped to prevent deformation of the model by transmitting the shear 


stress to the bolts. 


4.1.2 Injection, Production and Pressure Monitoring Systems 

An ISCO LC-5000 syringe pump filled with distilled water was used to displace the 
injected fluid from a 4000 ml cylinder into the pack. The produced fluid was collected in 
50 ml centrifuge tubes. A Heise gauge and a calibrated pressure transducer provided the 
pressure data for each run. A data acquisition system was incorporated to automate the 


pressure readings. 


4.1.3 Data Acquisition System 

The data acquisition system consisted of an IBM compatible computer, Labtech Notebook 
Software, Das-8 board and an Exp-16 Multiplexer manufactured by MetraByte. Labtech 
Notebook is a package that is completely menu-driven which makes it easy to design a 
format for data acquisition - pressure and time. Data from Labtech notebook can be 
interfaced with Lotus 1-2-3 for post acquisition ‘analysis, file management and graphic 


presentation. 


4.1.4 Porous Media and Fluids 
Porous Media 
Athabasca oil sand obtained from the Alberta Research Council was used to pack the top 


layer. The bottom water layer for the bitumen mobilization studies consisted of 
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30 
either 70-100 mesh, 20-40 mesh or 170-325 mesh glass beads. Properties of the 


components are given in Table 4.1. 


Fluids 

Suncor synthetic crude was used as the displacing fluid for bitumen mobilization studies. 
Stepanflo 80 surfactant was used in conjunction with the solvent in some runs. The 
physical properties of the fluids are given in Table 4.2. The simulated distillation data for 


the synthetic crude is shown in Figure 4.4. 


Chemicals 
Toluene for bitumen extraction and calcium chloride for effluent dewatering, prior to 


infrared spectrophotometric measurements. 


4.2 Packing Procedure 

4.2.1 Model I - Packing Procedure 

The injection and production wells were fitted in the cleaned-out model. Well-sorted oil 
sand that had been stored in a cool place and excluded from air was weighed accurately and 
packed into the model. The packing was done manually by tamping a small amount of oil 
sand at constant pressure. The oil sand was packed to a pre-determined level and the vessel 
was then assembled. Next the model was rotated 90 degrees - i.e. kept in a vertical 
position - and the bottom water layer was packed using the wet packing technique. The 


glass beads were also weighed accurately before packing. 


The pack was evacuated after the removal of water by forced air drying. Distilled water 
was then filled from the bottom to check the pore volume and the effective permeability to 


water was measured. The injection lines were connected and purged with the injection 


fluid. 
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Table 4.1: Physical Properties of the Porous Media 


Oil sand 


Extracted sand 83 - 85 
Bitumen NBeqiic SES) 191000 ** 


Water ik sey 1.00 
Bottom Water 


Glass beads : 20-30 
70-100 
170-325 


Table 4.2: Physical Properties of the Injected Fluids 


Injected Fluid Density g/ml * 


Suncor Synthetic Crude 
1.0 % Surfactant Solution *** 


0.1% Surfactant Solution *** 
Water 


* At room temperature (23 °C) 
** Extrapolated 
*** The surfactant is Stepanflo 80, which is a 55% medium molecular wt. sodium alkyl aryl sulfonate. 
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Figure 4.4: Simulated Distillation Data for the Suncor Synthetic Crude. 
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33 
4.2.1 Model If - Packing Procedure 
The model was assembled with the bottom water blank in place and oil sand was packed 
from the end-port. While the oil sand was being packed a vacuum was applied through the 
overburden hole to prevent the blank from being displaced by the Neoprene diaphragm. 
After the oil sand layer was packed the end-port was closed, the dummy injection and 
production wells were removed and the actual well were positioned in place (a cork borer 


was used to drill to the required depth of oil sand). 


The bottom lid was dismantled to remove the blank and fill the cavity with wet glass beads 
to simulate the bottom water layer. The O-rings and Neoprene diaphragm were then placed 
in position and the bottom lid was reassembled. The bottom water layer was filled from the 
side lid instead of the end-port because the Neoprene diaphragm had a tendency to push 
against the cavity resulting in a loose pack with channels. The overburden pressure was 
applied and water was removed from the pack after which it was evacuated. Distilled water 


was filled from the bottom into the core and the effective permeability was measured. 
4.3 Experimental Procedure 


4.3.1 Continuous Solvent Injection Runs 

The displacement run was started by injecting the Suncor synthetic crude at a constant rate. 
Effluent from the model was collected in 50 ml centrifuge tubes. The quantities of 
bitumen, solvent and water in each fraction were determined and the pressure was 


constantly monitored. 


The first eight experiments for bitumen mobilization were terminated after approximately 
three hydrocarbon pore volumes (HCPV) of solvent had been injected or when the effluent 
contained virtually no bitumen. For the next five experiments approximately six HCPV's 


of solvent were injected. Three of these runs utilized an additional injection well to study 
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34 
the effect of different injection strategies while the other two runs were baseline runs. 


These thirteen experiments were conducted in Model I. 


A total of seven experiments were conducted in Model II. Four of these were continuous 
solvent injection runs, which were terminated after approximately 2.5 HCPV's of solvent 


had been injected. 


4.3.2 Multiple-Slug Injection 

The last three experiments consisted of either water or surfactant-alternating-solvent. A 
total of three slugs of solvent were injected. In most of the previous experiments it was 
found that a large percentage of bitumen was recovered during the injection of 0.5 HCPV 
solvent after which the rate of recovery decreased. Based on this observation a solvent 


slug size of 0.5 HCPV was chosen. 


The water and surfactant slug size was based on an aqueous-to-hydrocarbon phase ratio of 
four. An upper limit of 0.5 HCPV was set on both the surfactant and water slug. Both the 
water and surfactant were injected from the pump. For every change of injected fluid, the 
lines were flushed with the injection fluid and pressurized to the core pressure, prior to 


resuming injection. 


Surfactant Floods 

The last two runs in the study were surfactant-alternating-solvent runs. The capacity of the 
surfactant to displace the bitumen is influenced by the interfacial tension between the 
aqueous system and the bitumen. The reduction in the interfacial tension depends on the 
nature of the surfactant and the bitumen in the reservoir. Petroleum sulfonates have been 


found to be efficient when used with bitumen 26.27.28, thus, Stepanflo 80, which is a 


petroleum sulfonate, was chosen for this study. 
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Interfacial tension reduction is also dependent on the composition of the bitumen and 


surfactant. To investigate the minimum concentration of surfactant to use in the study, a 
plot of interfacial tension (IFT) versus surfactant concentration was prepared using a 33 
(wt)% bitumen solution in Suncor synthetic crude. The surfactant concentrations ranged 
from 0 to 1.0 (wt)%. The interfacial tension was determined using a DuNouy tensiometer. 
Concentrations used in the study were 1.0 and 0.1% and were taken at the two extreme 


points after the rapid decrease in the IFT. 


An important property to consider in surfactant flooding is the amount of surfactant lost 
into the formation and also its reactivity with the reservoir fluids. For the surfactant used in 
the study, an attempt was made to determine how much surfactant was lost and to see if the 
presence of surfactant affected the absorbance readings on the Infrared (IR) 


spectrophotometer. 


The test was done by first mixing the surfactant and bitumen solutions and then separating 
the two layers. The hydrocarbon layer was analyzed on the IR spectrophotometer and was 
compared to the control layer which had been treated in an identical manner except water 
was used in place of the surfactant. The aqueous layer was analyzed with the ultraviolet 


(UV) spectrophotometer and compared with the untreated surfactant solution. 


4.3.3 Post-Run procedure 

After termination of a run the model was dismantled and core samples were taken at eight 
fixed points to obtain the in situ final oil and water saturations. The core samples were 
observed for the area swept, and were extracted using the technique described for 
evaluating bitumen content in the oil sand. The extract consisted of a mixture of bitumen 


and solvent. The bitumen concentration was determined using Cragoe's method4) which 
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36 
represents changes in viscosity of liquids with changes in temperature and composition. 


The model was cleaned and prepared for the next run. 


4.4 Analytical Methods for determining the Essential Rock and Fluid 
Properties 

4.4.1 Bitumen Content of the Athabasca Oil Sand 

The bitumen content of the Athabasca oil sand was determined for each run, as the oil sand 
composition can vary. Approximately 100 g of oil sand was weighed accurately into an 
extraction thimble. A soxhlet extraction procedure was used to determine the bitumen 


content which was separated from the solids by continuous refluxing with toluene. 


The water distilled out by the procedure was collected in the side arm and measured. The 
extracted sand was dried in an oven at 100 °C and weighed. The toluene in solution with 
the bitumen was distilled off in a Rotavapor evaporator and the weight of bitumen 
determined. In this way, the composition of the oil sand was determined. The post-run 
samples were treated in the same manner. The density of the extracted sand was 


determined using an analytical balance and a pycnometer. 


4.4.2 Determination of Bitumen Content in the Effluent 

The effluent collected in the 50 ml tubes was centrifuged to obtain the water content. The 
bitumen-and-solvent layer was then dewatered using a 50% (wt) calcium chloride aqueous 
solution. The dewatered mixture was analyzed at a wavelength of 1595 cm-! using an IR 
spectrophotometer. The bitumen concentration in the effluent was read off the calibration 


curve (Figure 4.5). 


4.4.3 Preparation of the Calibration Curve 
Bitumen extracted from the oil sand was weighed accurately to within 0.0001 g, and mixed 


with the Suncor synthetic crude in different proportions to prepare standard solutions for 
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Figure 4.5: Bitumen Calibration Curve. 
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38 
the concentration range 0-50% (V/V) for Infrared (IR) analysis. Absorbance at 1595 cm! 


was determined for each sample and plotted vs. concentration in Figure 4.5. 


4.4.4 Determination of Surfactant Concentration in the Effluent 

The surfactant concentration of the effluent was determined using a Bausch and Lomb 
Spectronic 2000 Ultraviolet spectrophotometer system. The effluent had to be filtered in 
order to remove traces of the organic phase before the absorbance could be determined at 


22249 Tim. 


4.4.5 Determination of Pore Volume 

The pore volume was determined using the gravimetric method and included the bottom 
water layer. The volume of the apparatus was determined by filling the assembled model 
with water, and measuring the water content accurately with a graduated cylinder. The 
void space was determined by subtracting the volume of the bitumen, clean sand and water 
in the oil sand, and glass beads (in the case of bottom water runs) from the volume of the 
apparatus. The pore volume was the sum of void space, bitumen and water volumes from 


the oil sand. 


4.4.6 Density and Viscosity Determination 

The densities of the bitumen, the Suncor synthetic crude and surfactant solutions were 
determined on a Paar DMA 600 densitometer. The viscosities of the fluids were 
determined using a Brookfield cone/plate digital viscometer Model DV II. The viscosity of 
the bitumen as a function of temperature and solvent concentration is plotted in Figures 4.6 


and 4.7, respectively. 


4.4.7 Porosity and Permeability of the Glass Beads 
The model was packed with glass beads using the wet packing technique. The water was 


removed by forcing air through the pack and evacuating the model overnight. Next, 
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Figure 4.6: Viscosity as a Function of Temperature. 
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Figure 4.7: Viscosity as a Function of Bitumen Concentration. 
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41 
distilled water was filled from the bottom into the pack. Volume of the glass beads was 


determined by dividing the weight of glass beads in the model by the average density of the 
beads. 
The fractional porosity was determined as: 


Porosity, @ ={[bulk volume -volume of glass beads] / bulk volume} ....... (4.1) 


The absolute permeability of the glass beads to water was determined by injecting water 
through the glass bead pack at a constant pressure and determining the production rate. 
Darcy's equation for linear horizontal flow was used to determine the permeability. This 
procedure was repeated three times to check the reproducibility of the packing procedure. 
Porosity for the three trials were within 3% with an average porosity of 38%, and 
permeability of 24 jzm2 for the 70-100 mesh beads. The absolute permeabilities for the 20- 
40 and 170-325 mesh beads were 200 and 2 jumZ2, respectively. 


4.5 Types of Experiments 
Experiments for bitumen mobilization studies were conducted in three stages. 

Ivent Displacing Bitumen in an Oil Sand Pack This phase of experimental work was 
mainly for testing and evaluating the capability of the apparatus and equipment. 
Evaluations led to the design of the improved model - Model II. These runs were also used 


as base runs to evaluate the effect of bottom water on bitumen recovery. 


b) Solvent Displacing Bitumen in an Oil Sand Pack with Bottom Water Apart from 
contributing to the further evaluation of the equipment, and refining of the apparatus and 
operational procedures, these experiments were used to fulfill the first three tasks set out to 
fulfill the objective of the study. The principal variables were: oil sand-to-bottom water 
zone thickness ratio, bottom water zone permeability, injection/production well penetration 


and interwell distance. 
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42 
c) Multiple-Slug Process in an Oil Sand Pack with Bottom Water At this stage of the 


study an attempt was made to find methods of minimizing solvent injection. This was done 


by alternating slugs of water or surfactant with solvent. 
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43 
5. DISCUSSION OF RESULTS 


5.1 Introduction 

The following section describes the results of experimental studies conducted on the 
mobilization of bitumen under reservoir conditions. Two situations are considered. One, 
where the in-place bitumen is mobilized by means of a solvent, in the absence of any initial 
channel or flow path. In the second case, a bottom water path is employed for bitumen 
mobilization. The experiments were conducted on two models, viz. Model I, and the 
newly designed Model II, both of which were described in the experimental section. Table 
5.1 indicates the model used (Model I or Model II), the process used (continuous solvent 
injection vs. a combination of solvent and surfactant or solvent and water), the model 
parameters (, Kegs, Sp), the experimental parameters - hp/hy, where hp is the oil sand 
(bitumen) zone thickness and hy is the bottom water zone thickness, injection rate, the 
bottom water zone absolute permeability to water, k,y, etc. - and the corresponding 


bitumen recovery as a percentage of the original bitumen in place; OBIP. 


A flow chart indicating the various parameters studied is presented in Figure 5.1. As 
indicated in the flow chart, six main variables were investigated. An analysis of the 


reproducibility of results and a comparison of the two models were also conducted. 


5.1.1 Run Data 

The mass weights of the porous media and the composition of the oil sands were 
determined and used in the calculation of the porosity and the initial bitumen saturation of 
the core. An effective permeability to water was also measured and used as a check on the 
consistency of the pack. The data collected during the run consisted of: injection pressure 
(gauge), cumulative solvent injected, time, and the effluent produced, which was collected 


in 50 ml centrifuge tubes. The effluent consisted of two layers: aqueous and hydrocarbon 
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hb/hw=4.2, rate =300mI/hr, kaw=24 


hb/hw=5.2, rate =15ml/hr; kaw=24 


hb/hw=5.2, rate =300ml/hr; kaw=24 


Ihb/hw=5.2, rate =300mlI/hr, kaw=2, Iw=2 
Lal b/hw=5.2, rate =300ml/hr, kaw=24, Iw=2 


m b/hw=5.2, rate =300ml/hr, kaw=200, Iw= 


ie b/hw=5.2, rate =300ml/hr, kaw=24 
Ihb/hw=5.2, rate =300ml/hr, kaw=24 
RESEARCH | 
EXPERIMENTS 


EFFECT OF BOTTO 
WATER 

PERMEABILITY AND 
WELL INTERVAL 


SaILadadOudd AOVd 
dO ALITIGIONdOddsaa 


MERICAL 
IMULATIO 
homogeneous Run, Rate =300 mi/hr, MODEL 
Zed yoyo | OB=1000 COMPARISO 
hb/hw =5, rate =300m\/hr, 
MODEL II 
CSI OB=1500,kaw=24d 


IMODEL II - STRATEGY 


hb/hw =5, rate =300ml/hr, OB=3450, 
p=85, Sv/0.1% s 


NOTE: CSI = CONTINUOUS SOLVENT INJECTION. 


Figure 5.1: Guide to the Experiments Conducted. 
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46 
(bitumen plus solvent). The volumes of the two layers were noted after centrifuging and 
the separated organic layer was analyzed for bitumen concentration after being dewatered 
with a 50% calcium chloride solution. This data was processed using the Microsoft-Excel 


program. 


5.2 Presentation of Results 

5.2.1 Production History 

The production history for each run is presented in both tabular and graphical forms. The 
tables listed in Appendix B describe the model parameters as well as the experimental 
variables. It should be noted that Model I did not allow for the application of any 
overburden pressure. Well penetration was kept constant when studying the effect of a 
particular variable and therefore no mention of penetration is made in the production data 
tables except when it was a variable. The use of a second injection well is indicated in the 
appropriate tables and figures. Solvent injected in ml as well as in hydrocarbon pore 
volumes, HCPV, fluid and hydrocarbon produced in ml, pressure profile, bitumen 
concentration in the produced hydrocarbon (vol%), instantaneous solvent-oil ratio, SOR, 
water-oil ratio, WOR, cumulative bitumen (% OBIP) and solvent (% solvent injected) 
recoveries are presented in the tables. This format is changed slightly for the combination 
runs. The total fluid volumes injected (ml, HCPV), The instantaneous water-hydrocarbon 
ratio, WHCR, as well as the total solvent injected (HCPV) are presented along with the 


pressure, concentration and recoveries. 


The production history of all runs is presented in Appendix C. There are four curves for 
each run. Solvent or fluid injected (HCPV) is plotted on the x-axis. In most of the runs 
the pressure profile, bitumen concentration and cumulative % original bitumen in place 
(OBIP) recovered are plotted on the right y-axis while the cumulative solvent recovery (% 


of solvent injected) is plotted on the left y-axis. For Runs 14 and 15 the injection pressure 
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47 
is plotted on the right y-axis while the recoveries and concentration are plotted on the left y- 
axis. In Runs 16-20 the injection pressure and solvent recovery are plotted on the right y- 


axis while bitumen recovery is plotted on the left y-axis. 


5.2.2 Volumetric Balance 

The individual components of the produced effluent as well as the total effluent produced 
are plotted vs. actual injection volume. The total effluent produced curve is compared with 
the ‘ideal’ curve as shown in Fig 5.2. The ideal curve is one in which the injected volume 
is equal to the produced volume. The difference between the two curves serves as a 
measure of experimental error. The error is mostly due to the coarse scale on the injection 
pump and the centrifuge tubes. These errors will be discussed later in the chapter. A 


volumetric balance curve for every third experiment is presented in Appendix D. 


5.3 Typical Run History 

A typical run history will be described for Run 4. This experimental run was one of the set 
describing the effect of bottom water thickness on bitumen recovery. It was conducted in 
Model I and the oil zone-to-bottom water thickness ratio, hp/hw, was set at 6.8. Suncor 
synthetic crude was injected continuously at a rate of 300 ml/hr until at least three HCPV's 
solvent had been injected. Table 5.2 lists the injection pressure, instantaneous and 
cumulative bitumen recovery and solvent recovery of the run which are plotted against 


solvent injected in Fig. 5.3. 


Looking at the figure, one observes that the pressure initially increased rapidly to a peak 
value of 36 kPa, at which time bitumen breakthrough occurred. After breakthrough, 
injection pressure dropped sharply and reached half its peak value upon the injection of 0.5 
HCPV solvent, before stabilizing to a gradual decrease. The concentration profile followed 


a similar trend: a rapid decrease from the peak concentration of 29%, followed by a very 
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ay 
gradual change in bitumen concentration. The cumulative bitumen recovery curve had a 
large slope initially corresponding to rapid bitumen dissolution by leaching, followed by a 
gentle slope corresponding to the dissolution of bitumen by diffusion to give a total 
recovery of 7.7% OBIP after the injection of 3 HCPV's solvent. These three curves are 
plotted using the scale on the left y-axis, while the cumulative solvent recovery vs. 
HCPV's solvent injected is plotted on the right axis. The solvent recovery curve increased 
sharply initially and then more gradually, essentially in inverse relationship to the injection 


pressure. 


5.4 Post Run Analysis 

Visual inspection of the post run core showed that in most cases, the areas close to the 
injection and production ends as well as the area adjacent to the bottom water zone had 
most of the bitumen leached from it, while the area in the middle was similar to the original 
bitumen, although it appeared to have had some contact with the injected solvent. The 
bottom water zone was saturated with mobilized bitumen. The residual bitumen saturation 
was found by dividing the core into eight sections and extracting it as described in the 
experimental section. The bitumen content of the extract was determined using Cragoe's 
method.45 This was done by determining the viscosities of the mixture, bitumen and 
Synthetic crude at room temperature and calculating the linear function of the mixture, Lm, 
bitumen, Lp, and Synthetic crude, Ls, from Equation 5.1. The weight fraction of bitumen 
in the extracted sample was calculated from Equation 5.2. Run 10 showed a considerably 
higher recovery than the other runs, and thus the residual bitumen saturation profile along 


the core was more pronounced, and is presented in Fig. 5.4. 
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5.5 Mechanism for Bitumen Leaching in the Presence of Bottom Water 
Based on experimental observations an explanation of the mechanism for bitumen leaching 


has been proposed and is illustrated pictorially in Fig. 5.5 


Step 1: Continuous solvent injection starts. Solvent dissipates into the oil sand layer near 


the injection well. 


Step 2: Mobilized bitumen moves through the bottom water layer. Rate of dissolution is 
faster than the rate of transport, resulting in the formation of an effluent bank which is 
monitored as an increase in injection pressure. The mobilized bitumen displaces water 


from the bottom water zone to the producer. 


Step 3: Leaching takes place by both dissolution and diffusion. Diffusion, while 
comparatively slow, is the dominant mechanism. Consequently, the bitumen is removed at 
a faster rate than the rate at which it is mobilized, indicated by the decrease in bitumen 


concentration after the initial peak concentration. 


Step 4: Diffusion is the only recovery mechanism in effect. The comparatively high 
injection and production rates result in very little diffusion taking place and as a result, the 
leaching process is nearly at the end as indicated by the extremely low bitumen 


concentration in the effluent and the nearly constant pressure. 


5.6 Types of Runs Conducted 
Six different types of runs were conducted to study the parameters that might affect 
bitumen recovery in the presence of bottom water. These were: 

1. Bottom water zone thickness; 

2. Residence time (rate); 


3. Bottom water zone permeability; 
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Fig. 5.5: Mechanism for Bitumen Leaching in the Presence of Water. 


7 Fey 1 toll Ban VEU ap) is Che Make? 1 e 


} ! i Le uf eit 9 
j "hd oe he MAD rare 
NPAs Be Se ee 
; OKA aien x z ¥ \ ee , 
4 Toure) H . 
Fats hay eas 
~- \ i h j ; iy 
~~ . : ‘ La 
aC relies 4d yn ot sam yi I 
th ara 
| 7 ast: ~) : oy ad ue 
5 ; he \ in OE 4 f : 7 f 
M ? yea nh he eK} eel bie 
, ay ; 
Mie at de 


a 


pti 
4 


1+ 


av 8 ® nena | 
ar ase Vek ate’ r 


: S 
5 ‘ | 
; 
i 
| : te 
; 
| 
\ - 


hey lowongeds off si grittoas] eset vol tnaliannel :2.¢ gf 


“ 


56 
4. Well completion interval; 


5. Well penetration; 


6. Injection/production strategy. 


5.7 Model 1 Runs 
5.7.1 Effect of Bottom Water Thickness 
Two basic types of runs were conducted to study the effect of bottom water thickness on 
recovery. These were : 
1. Homogeneous Pack Runs - these were runs in which the in-place bitumen was 
mobilized by means of a solvent in the absence of any initial channel, i.e. the 


pack consisted of oil sand only. 


2. Bottom Water Runs - a bottom water zone was created below the oil sand zone. 


Homogeneous Pack Runs 


Runs 1 and 2 were homogeneous pack runs. The purpose of these runs was three-fold: 
i) To have a base run with which to compare the bottom water runs; 
ii) To establish a method of data acquisition and analysis; 


iii) To evaluate the performance of the experimental apparatus. 


The experimental parameters for the two runs were similar except for the injection and 
production well penetrations, which were set at 50% of oil sand depth for the first run, and 
60% for the second run. Solvent was injected continuously in these runs; and the 
production histories of the two runs are given in tabular form in Tables B1 and B2 and are 


plotted in Figs. Cl and C2. 


The recoveries for the two runs were very similar (11.7% OBIP at =2 HCPV's solvent 


injected), although the breakthrough volumes are different. The observation of a channel in 
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the middle of core 1 indicated that it may have served as a path for the solvent to channel to 
the producer, resulting in the correspondingly early breakthrough and overall low injection 


pressure. The difference in well penetration does not appear to have a significant effect. 


Bottom Water Runs 

The next four runs (Runs 3 to 6) involved displacement of bitumen in packs having a 
bottom water layer. The purpose of these runs was to determine the effect of bottom water 
thickness on bitumen recovery. The experimental parameters that were fixed for the four 
runs were: injection rate at 300 ml/hr; bottom water permeability of 24 m2 and well 
penetration at 60% oil sand depth. The oil sand composition was determined prior to each 
run as it can vary considerably. Bitumen content varied between 13.7 to 15.5% by wt. 
The porosities of the packs were 39% + 1%. The ratios of oil-sand-to-bottom water 


[hp/hw] thickness examined were: hp/hy =1.0, 4.2, 5.2 and 6.8. 


The individual production histories of the four runs are presented in tabular form in Tables 
B3 to B6 and in graphical form in Figs. C3 to C6. In general, low hp/hy ratios resulted in 
low injection pressures and high solvent injection volumes before bitumen breakthrough 
because of the larger volume of water that had to be displaced. It was found that the 
bottom water zone thickness has an effect on the overall bitumen recovery. Bottom water 
in general serves as a path for bitumen transport to the producer, resulting in lower 


injection pressures than when there is no bottom water zone present. 


Two limitations of Model I made it difficult to examine hp/hy ratios other than those 
mentioned previously and thus locate the limiting ratio where the bottom water zone was no 
longer advantageous for bitumen recovery. These limitations were: the location of the end- 
port which was used for packing the bottom water zone. The end-port was located in the 


center and tends to be covered with oil sand when high hp/hy ratios are investigated making 
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58 
it difficult to pack the bottom water zone. The second limitation was the depth of the 


model and the packing technique. A difference of 0.1 cm can cause a significant error in 
the hp/hy ratio. Comparing the effect of bottom water thickness on recovery, it was found 
that the recoveries (7.7 to 9.7%) for hp/hw ratios between 4.2 and 6.8 did not vary 
significantly, while for a hp/hy ratio of 1.0 the recovery of 4.4% OBIP was almost half of 


_ that in the other three runs. 


Figure 5.6 gives a comparison of the cumulative bitumen recovery for the different bottom 
water runs and the homogeneous pack (i.e. no bottom water present) run. In Run 1 
(homogeneous pack run) the recovery upon the injection of 2.97 HCPV solvent was 
14.7% OBIP, while the recovery (9.9% OBIP) for Run 6 (hp/hyw=5.2) was approximately 
two-thirds of that in Run 1. Run 5 (hp/hw=1.0) exhibited the lowest recovery(4% OBIP). 
Figure 5.7 presents the solvent recovery for the above runs. Notice that almost 40% of the 
solvent injected was unrecovered in Run 5 (hp/hy =1.0), while only 10% of solvent 
injected was unrecovered for the hp/hw = 5.2 case (Run 6) after the injection of three 
HCPV's of solvent, which indicates that a thick bottom water layer leads to excessive 


channelling of the solvent and comparatively low bitumen and solvent recoveries. 


5.7.2 Effect of Residence Time 

From the previous runs it was conjectured that solvent diffusion into bitumen was the 
dominant process in bitumen recovery. To verify this premise, a low injection rate of 15 
ml/hr was used in Run 8 in contrast to the previous injection rate of 300 ml/hr. Note that 
although the injection rate was the apparent variable, the real variable was the residence 
time, since the fluids were in contact with the bitumen for a longer period. All other 
experimental parameters were kept the same as in Run 6 as indicated in Table 5.1. The 


results of the run are presented in Table B8 and are plotted in Fig. C8. 
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61 
From Fig. C8, It is seen that the bitumen concentration in the effluent remained between 12 
to 15% until 0.5 HCPV of solvent had been injected, after which it dropped to 6% and then 
to 3% at 1.26 HCPV's solvent injected. At this point (point A), it was decided to stop 
injection and let the porous pack soak for a period of 65 hrs. The effluent collected after 
the soak period was considerably more concentrated than that before injection was stopped. 
The pressure increased initially due to bitumen banking, but soon dropped to the value 


before injection was stopped. 


The increase in pressure and bitumen concentration in the effluent were a result of the 
bitumen mobilization, and its subsequent banking and then channelling into the bottom 
water zone, from where it was transported to the production well. The recoveries for Runs 
6 and 8 are plotted in Fig. 5.8. The cumulative bitumen recovery of 9.9% OBIP after 1.5 
HCPV's of solvent had been injected at the lower rate was comparable to that after the 
injection of 3 HCPY's at the higher rate in Run 6. The difference in the recoveries of the 
two runs for the same amount of solvent injected, suggests that diffusion does indeed play 


an important role in bitumen recovery. 


5.7.3 Effect of Bottom Water Zone Permeability 

Three experiments, Runs 9, 10 and 11 were conducted to determine the effect of bottom 
water zone permeability on bitumen recovery.: A hp/hy ratio of 5.2, injection well 
penetration, Ip, of 48% oil sand depth, production well penetration, Pp, of 60% oil sand 
depth, and an injection rate of 300 ml/hr were employed in all three runs. In all three cases 
there was an additional injection well in the middle. After 3.5 HCPV's of solvent had been 
injected, the end injection well was shut in and the solvent was then injected through the 


middle injection well. 
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63 
Three different sizes of glass beads were used for the bottom water zone; these were: mesh 
size 170-325 which had an absolute permeability of 2 um? to water [Run 9]; mesh size 70- 
100 with an absolute permeability of 24 1m? to water [Run 10]; and mesh size 20-30 with 
an absolute permeability of 200 um? to water [Run 11]. The model parameters (porosity 
and bitumen saturation) for the three experimental runs were within 2% as observed in 
Table 5.1. The first part of the runs (up to 3.5 HCPV's solvent injected) was used to study 
the effect of bottom water permeability on bitumen recovery. An additional 2.5 HCPV's 
were injected through the middle injection well in order to study the effect of well 


completion interval. 


Cumulative recoveries for the three runs are presented in Fig. 5.9 vs. solvent injected 
(HCPV). It was observed that the bottom water permeability had a significant effect on the 
ultimate bitumen recovery, which ranged from 4% OBIP (Run 11) to 27% OBIP (Run 9) at 
3 HCPY's solvent injected. Run 9, with the lower bottom water zone permeability, 
showed the highest recovery (27%), while the higher permeability zone [Run 11], had the 
lowest (4%) recovery. Note that the permeability in Run 9 was a twelfth of that in Run 10, 
but the corresponding bitumen recovery after the injection of =2.9 HCPV's solvent was 
only =2% greater. In Run 11 (200pm2), the permeability was over eight times that in Run 
10 (24um2), while the recovery was a sixth of that in Run 10 (3.8% vs.24.78% OBIP). 
Thus, it would seem that there is a critical value after which channelling becomes a serious 
factor in recovery. The production histories of the individual runs are presented in Tables 


B9 to B11 and are plotted in Figs. C9 to C11. 


Note that bitumen recovery in Run 10 (24.8% at 3 HCPV) was higher than in previous 
runs. The conditions in Run 10 were similar to those in Run 6, yet the recovery in Run 10 
(24.8%) was more than twice that in Run 6 (9.9% at 3 HCPV). There are two possible 


explanations for this difference. The first one is the difference in injection well penetration 
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(Table 5.1). It is conjectured that this factor could not have affected recovery to such a 


large extent based on the recoveries from Run 12, (9.2%) which is a replicate of Run 10, 


except for the absence of the second injection well. 


The well penetration in Run 12 was set at the same depth as in Runs 9 to 11, but the second 
well was omitted. In Run 10, 3.56 HCPV's of solvent were injected through the end 
injection well and another 2.5 HCPV's of solvent were injected through the middle well to 
make a total of 6 HCPV's of solvent. In Run 12, a total of 6 HCPV's of solvent were 
injected through the end injection well and the middle well was omitted as mentioned 
before. Recovery of 9.2%(3 HCPV) as shown in Fig. C12 versus 9.9% OBIP after 3 
HCPV's solvent injected in Run 6 (Fig. C6) indicates that well penetration is not the 
significant factor in this case. The second explanation is that the packing around the second 
injection well was not as compact as in the rest of the core, making it more easily penetrable 


by the solvent, resulting in higher recovery. 


Figure 5.10 shows a comparison with previous work done by Kaleli32 for solvent 
displacement of bitumen in the presence of bottom water. Run 16 in Kaleli's3 study is 
similar to Run 9 in the present study since sampling points used in Kaleli'as work are 
analogous to the second injection well in the present study. It is felt that this run is the one 
that can be compared to Kaleli's since the oil sand-to-bottom water thickness ratio of 5.2, 
the injection rate, and the glass beads used to simulate the bottom water are similar. The 
two sets of curves (bitumen and solvent recovery) appear to be relatively close, some of the 
discrepency can be explained by the slight difference in the well size and the variations in 


the oil sand properties from batch to batch. 
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5.7.4 Effect of Well Completion Interval 
The above three experiments [Runs 9-11] were also part of a study to investigate the effect 
of different injection strategies on bitumen recovery. Conformance can be influenced by 
well spacing and well operating strategy; thus an additional injection well (infill drilling), 
incorporated between the injector and producer in an area that has been bypassed by the 
solvent, could substantially increase conformance and ultimate recovery. In Runs 1 to 8, it 
was observed that the solvent virtually bypassed the middle areas; therefore in Runs 9, 10 
and 11 an additional injection well was incorporated in the middle [at 48% well 
penetration]. The experimental parameters were described in the previous section on the 


effect of bottom water permeability. 


Up to 3.5 HCPV's of solvent were continuously injected through.the end injection well, 
after which it was shut in and the solvent was then injected through the middle injection 
well. A fourth run in this series [Run 12] was conducted without an injection well in the 
middle, as a benchmark. The bottom water zone permeability in Run 12 was 24 um? and 


the well penetrations were the same as in the other three runs. 


The production histories in tabular and graphical forms are presented in Appendices B and 
C, respectively. The effect of the second well on bitumen recovery for the different 
permeabilities is shown in Fig. 5.9. Because of the unexpected high recovery (24.8% at 3 
HCPV) in Run 10, which might have resulted from non-uniform packing around the 
second well, it was difficult to compare the same with the Run 12, which is the base run. 
The conditions in Run 12 were duplicated in Run 13 to determine if the high recovery in 
Run 10 was indeed due to non-uniform packing around the middle injection well. 
Recoveries for the two runs were similar (8.2% OBIP for Run 13 vs. 9.2% OBIP for Run 
12) which suggests that the high recovery in Run 10 may indeed be a result of non-uniform 


packing around the middle well. 
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It was difficult to isolate the effect of decreasing the well distance by introducing the second 
injection well in both Runs 9 and 10, from the effect of non-uniform packing around the 
well as there does not seem to be any obvious difference in the recovery trend. However, 
inspection of the post run core indicated that most of the bitumen around the well areas had 
been leached and the bottom water layer was saturated with the mobilized bitumen, 
indicating that both factors were responsible. In the high bottom water permeability case, 
the effect of the second injection well was more pronounced. Figure Cll shows that 
bitumen recovery increased from 5.1% OBIP after 3.6 HCPV's solvent injected to 11.3% 
OBIP upon the injection of an additional 2.4 HCPV's from the middle injection well. The 
saturation profile of the post run core (Run 10) as a function of length is shown in 


Fig. 5.4. 


5.7.5 Reproducibility of the Results 

One of the problems of working with oil sand is that there are several variables that can 
affect the pack properties, some of which are difficult to control. For example the bitumen 
saturation in the pack can vary due to the varying oil sand composition, which in turn could 
affect porosity, permeability and the ultimate bitumen recovery. To account for this 
variability to some extent, the composition of the oil sand was determined prior to each run 
and the ultimate recoveries are given as percentages of the original bitumen in place. 
Another factor that could result in the slight variations in the model parameters and 
experimental results is the packing techidue used for the oil sand and the bottom water 


zones, which was largely dictated by the model design. 


The first two runs were conducted without any bottom water (homogeneous pack). It was 
found that the model parameters could be reproduced to within + 1%. In the case of the 


bottom water runs at a hp/hy ratio of 5.25, two sets of duplicate runs were attempted. It 
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69 
was possible to reproduce the model parameters to a large extent. For example, 
considering Runs 6, 7 and 8 [Ip = 60% Pp = 60%], the model parameters for Runs 6 and 8 
were reproducible within 1%, but not so for Run 7. The comparatively low porosity 
indicates that the pack in Run 7 may have been packed tighter than that in Run 6. The low 
recovery might have been a result of the solvent channelling into the bottom water and 
bypassing most of the the oil sand, which could also be the reason why the injection 
pressure was low. Recoveries for Runs 6 and 8 could not be compared as the injection 
rates were different. Runs 12 and 13 were also duplicate experiments, with Ip of 48% and 
Pp of 60% and hp/hy ratio of 5.25. It was possible to reproduce the pack properties fairly 
well. As seen from Fig. 5.11, the cumulative bitumen recoveries for Runs 6, 12 and 13 
ranged from 8.2% to 9.9% and the solvent recoveries ranged from 84 to 89%, which 


indicates that the reproducibility of the results was good. 


5.8 Model II Runs 

Model II, was a new model designed during the course of this study. It was longer and 
deeper than Model I, and allowed for better control in placing the wells. Specially designed 
wells with a specific penetration of the oil sand zone could be placed in the model after it 
was packed, which eliminated the problem of a non-homogeneous pack around the wells. 


The model also allowed for the application of an overburden pressure. 


5.8.1 Homogeneous Pack Run 

The first run conducted on Model II, (Run 14) employed a homogeneous pack. There 
were three reasons for conducting a homogeneous pack run: first, to develop a technique 
for packing the oil sand layer as well as to understand any problems or deficiencies in the 
model itself; second, to have a base run to compare the bottom water runs with; and third, 


to compare the two models, Model I and Model II. 
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71 
Run 14 was conducted at a rate of 300 ml/hr and was concluded after three HCPV's of 
Suncor synthetic crude as solvent had been injected. The injection and production wells 
were located 3.5 cm from each end of the model. The injection well had a 28% penetration 
into the oil sand layer, while the production well had a 71% penetration in the oil sand 
layer. The overburden pressure was set at 1000 kPa. The effective permeability of the 


pack was 0.57 m2. 


The production history for Run 14 is described in Table B14 and is plotted in Fig. C14. 
Notice that the pressure peaked at over 510 kPa and the pressure profile and the 
instantaneous bitumen produced curves have the same trend. The effluent was first 
observed just as the pressure was peaking. The effluent concentration was also a 
maximum at this point. As the pressure decreased, the effluent concentration decreased 
simultaneously. Bitumen recovery after the injection of approximately three HCPV's 
solvent was 34% OBIP (Original Bitumen In Place), while the solvent recovery was about 


80% (solvent injected). 


Inspection of the post run core showed that the injection side was the cleanest, followed by 
the production side as a result of bitumen leaching. The intermediate area was darker, but 
was saturated with solvent, indicating that the solvent had not found any obvious paths 
through which to bypass the oil sand layer. The sand was loose in some areas due to 


bitumen leaching, otherwise the pack was fairly homogeneous and tight. 


5.8.2 Comparison of the Two Models 

Models I and II were both rectangular models with a length to depth ratio of approximately 
ten. Several features were added on or improved in the new model to eliminate problems 
found in Model I. Three problems in Model I were greatly mitigated. First, solvent 


override and channelling were significantly reduced by moving the wells away from the 
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72 
ends and by the application of an overburden pressure of up to 3450 kPa. Second, the 
wells could be drilled into the oil sand layer, thus allowing for a more uniform pack around 
the wells and better control in their placement. Third, the presence of a 'blank' makes it 
possible to pack the oil sand layer more uniformly and set the ratio of oil sand to bottom 
water layer more accurately. A comparison of the production histories of Runs 2 and 14 


shows the effect of these improvements (Figs. C2 and C14). 


Although Run 14 followed the same trend as Run 2, which was a homogeneous pack run 
conducted on Model I, the peak pressure and the ultimate recoveries were different. The 
bitumen recovery in Model II was higher (27.1% OBIP at 2.1 HCPV) compared to Model I 
(11.7% OBIP), probably as a result of the homogeneity of the pack, especially around the 
wells, and the application of the overburden pressure, which stopped the solvent from 
bypassing the oil sand layer; consequently, solvent recovery was slightly lower than in 
Model I. The injection pressure was significantly higher as a result of the above two 
factors. The recovery profiles and the pressure histories of Runs 2 and 14 are compared in 
Figs. 5.12 and 5.13 respectively. Although the well penetrations were different in the two 


runs, it was not a significant factor in a homogeneous oil sand pack. 


5.8.3 Bottom Water Run 

The second run (Run 15) on Model II was for a 5:1 oil sand zone to bottom water zone 
thickness ratio. The purpose of the run was to develop a technique for packing the bottom 
water zone and to compare the recoveries obtained with those in the old model. The oil 
sand layer was packed as indicated in the chapter on experimental procedure. The glass 
bead layer [24j1m?] was wet packed vertically as in the old model. This run was very 
different from the previous runs in that the pressure profile peak was broader, i.e. the 
injection pressure remained at or close to the peak value for a longer time. The production 


history of the run is tabulated in Table B15. The peak value of 193 kPa was significantly 
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Figure 5.12: Comparison of Recoveries for the Two Models. 
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Figure 5.13: Comparison of Pressure Profiles for the Two Models. 
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74 
lower than in the case of the homogeneous run. The effluent concentration did not decline 
to a low value as in other runs, instead it remained close to 20% until two HCPV's of 
solvent had been injected. The overall recovery of 42% after 3 HCPV's of solvent injected 
was higher than that in the case of the homogeneous pack run. The cumulative solvent 


recovery was about 74%. 


Observation of the core on dismantling showed that the Neoprene diaphragm had pushed 
against the oil sand layer and as a result the bottom water zone covered only a third of the 
total length of the model, while the other two-thirds was covered with only a thin film of 
glass beads. In effect, this would be equivalent to blocking off two-thirds of the bottom 
water layer which would account for the unusual recovery and pressure profiles. Thus, the 
bottom water layer served as a transport medium only part of the way, after which the 
leached bitumen had to travel through the oil sand layer to reach the production end, 
resulting in the maintenance of injection pressure at the higher value and a larger residence 
time for bitumen dissolution. Visual observation of the oil sand layer supported the above 


theory. The packing technique for the bottom water was changed as a result. 


5.8.4 Effect of Well Penetration 

Runs 16 and 17 were conducted to study the effect of well penetration on bitumen 
recovery. Parameters such as the thickness ratio [hp/hw = 5.0], rate [300 ml/hr] and 
bottom water permeability [kaw = 24 m2] were kept constant except for well penetration. 
In Run 16, the injection well was completed close to the bottom water zone - at 85% oil 
sand depth while the production well was completed at 34% oil sand depth. In Run 17 the 
cant were reversed, i.e. the production well was close to the bottom water zone - 34% 


oil sand depth while the injection well was at 85% oil sand depth. 
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79 
The production history for Run 16 is tabulated in Table B16 and is presented in Fig. C16. 
The pressure profile of the run obtained was similar to that obtained for Model I. The 
pressure peaked at 82 kPa. The maximum effluent concentration was a mere 7% and was 
sustained for a very short period, after which the concentration was virtually zero. This 
resulted in an extremely low bitumen recovery (3.5% OBIP at 2.6 HCPV). Bitumen 
breakthrough was at 0.13 HCPV's injected, which was much earlier than in the previous 


cases. 


The results for Run 17 are tabulated in Table B17 and are plotted in Fig. C17. The 
pressure profile is again similar to that for the previous runs except for the initial pressure 
drop indicated at the beginning of the run, due to a small leak, which was plugged as soon 
as it was detected. The cumulative bitumen recovery was 14.7% at 2.5 HCPV's solvent 
injected, while the maximum effluent concentration was 13%. The solvent recovery was 


76%. Fig. 5.14 is a comparison of the recoveries for the two well penetrations. 


An attempt was made to have identical conditions for the two runs except for the parameter 
to be studied which was the effect of well penetration on bitumen recovery. The bottom 
water layer (Run 16) was not packed as tightly as desired due to the pressure of the 
Neoprene diaphragm and as a result, the ratios of the thickness of the oil sand layer-to- 
bottom water layer were different. However, based on results of Runs 3, 4 and 6 in which 
the recovery was nearly the same for the ratio of heights between 4 and 7, it is concluded 
| that the large difference in the production histories in the ultimate bitumen recoveries of the 
two runs - 14.7% (Run 17) vs. 3.5% (Run 16) - was a direct result of the difference in the 


well penetration. In both runs the overburden pressure was set at 3450 kPa. 
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5.8.5 Strategy to Minimize Solvent Injection 

Runs 18, 19, and 20 were part of a set of runs that explored methods of minimizing the 

solvent volumes injected while obtaining comparable or higher recoveries than in the case 

of continuous solvent injection. The strategy was as follows: 

i) In Run 18, the strategy was to inject approximately 0.5 HCPV of solvent - based on 
results from previous runs - followed by a slug of water, size of which was determined 
by the water cut in the produced effluent (Water Hydrocarbon Ratio; WHCR >4). An 
upper limit of 0.5 HCPV was set on the water slug. 

ii) Run 19 was similar to Run 18 except that a 1% (wt) aqueous solution of a surfactant, 
Stepanflo 80 was used instead of water. 

iii) Run 20 was similar to Run 19 except a lower surfactant concentration of 0.1% was 


used. 


Stepanflo 80 is an alkyl benzene sulfonate which has been found to be effective on 
Athabasca oil sands by way of lowering the IFT between the bitumen and water. The 
surfactant concentrations were chosen from Fig. 5.15, which is a plot of bitumen/aqueous 
interfacial tension behaviour, as a function of surfactant concentration. A 33 wt% solution 
of bitumen in synthetic crude was used in the determination of the curve. This 
concentration was chosen based on the maximum observed bitumen concentration in the 


previous runs. 


Water Alternating Solvent Run 


Run 18 was a solvent-alternating-water run in which a total of three slug pairs (solvent and 
water) were injected. The production history is tabulated in Table B18 and is plotted in 
Fig. C18. Note that the pressure and solvent recovery curves are virtually mirror images. 
During solvent injection the injection pressure increased as a result of bitumen banking. 


During water injection, the pressure decreased drastically due to the displacement of 
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79 
mobilized bitumen into the producer. The maximum instantaneous bitumen concentration 
decreased as the number of slugs increased, resulting in a slight increase in the cumulative 
bitumen recovery. Figure 5.16 gives a comparison of the recoveries for Runs 17, and 18 


for the same amount of solvent injected. 


Figure 5.17, shows that the third slug was ineffective in recovering any bitumen. Also 
considering the total HCPV's of solvent injected, the overall bitumen recovery was slightly 
lower than in the case of continuous solvent injection [Run 17], for the same amount of 
solvent injected. An explanation for the recovery trend is offered below. The recoveries in 
both runs (Run 17 and 18) for the initial solvent injection were quite similar (1.72% at 0.54 
HCPV and 1.56% OBIP at 0.49 HCPYV) as observed in Fig 5.16, explained by the fact that 
initially dissolution by leaching was the main recovery mechanism and this was the same 
for both runs. Recovery in the two runs started to deviate after the injection of water into 
the system because now diffusion was the dominating mechanism, and its effect was 
lessened by the introduction of water in the system. Thus, the bitumen recovery or rather 
the bitumen produced in the effluent in Run 18 is a result of immiscible displacement by 
water only. The effect is very pronounced in the third cycle, where dissolution by leaching 
hardly plays a part, and diffusion is inhibited by the water present in the system even when 


solvent injection is resumed. 


Observation of the post-run core showed that the bottom water layer was dark brown in 
color as a result of the mobilized bitumen moving through the bottom water layer, 
indicating that water was not very efficient in displacing the mobilized bitumen from the 
bottom water zone. The oil sand layer at the interface of the two layers was of the same 
color as the bottom water zone. The injection side was comparatively light and loose, 
indicating that much of the mobilized bitumen came from this region. The production side 


was darker than the injection side but lighter than the middle area which in turn was slightly 
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82 
lighter than the original oil sand. The variations in color and the texture gave a good 
indication of bitumen removal. These visual observations were supported by the results 


from the post-test core extraction for bitumen and water content. 


1.0% Surfactant Alternating Solvent Run 

The next run in the series [Run 19], was a solvent/surfactant combination run. The reason 
for using a solvent/surfactant combination was as follows. Surfactants are known for their 
ability to reduce the interfacial tension between the oleic and aqueous phases, which in turn 
improves the displacement efficiency of the oleic phase and may aid in bitumen leaching. It 
was expected that these properties would help to mobilize the bitumen from the bottom 


water zone and at the same time prolong the diffusion process. 


Run 19 was similar to Run 18 except that a 1% surfactant solution was used instead of 
water. The production history is tabulated in Table B19 and is shown in Figure C19. The 
peak pressure increased as the number of slug sequences increased. The overall bitumen 
recovery (11.3%) was higher than that in Run 18 (6.8%)for the same amount of fluid 
injected (2.5 HCPV). The recovery was also higher than that in Run 17 (9.5%) for the 
same amount of solvent injected (1.4 HCPV). Another interesting feature of the run was 
that the instantaneous concentration did not drop drastically during surfactant injection, or 
even as the number of slugs increased as it did in the previous run (Run 18). The overall 
solvent recovery was slightly lower (71%) than in the other two runs (75.7% in Run 17 
and 75.5% in Run 18). Considering the incremental bitumen recovery as a function of the 
number of slugs injected (Fig. 5.17), it is observed that the recovery increased as the order 


of the slug injection increased (3.02% for the first slug pair vs. 4.32% for the third slug 


pair). 
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Post run observation of the two layers showed that the bottom water layer had a hint of 
brown coloration, indicating that most of the mobilized bitumen had been transported to the 
production well from the bottom water layer. The oil sand layer at the interface and up to 
0.3 cm into the oil sand layer, and the injection side up to 5 cm from the edge was light 
brown in color and loose indicating that bitumen had been removed from this region. The 
production side was slightly darker than the injection side but was lighter than the original 
sand indicating that bitumen had been leached from this region. The rest of the sand was 
almost as dark as the original oil sand, except that the bitumen was less viscous, indicating 


that some solvent had penetrated the region. 


A possible explanation for the distinct behaviour of Run 19 from that of Run 18 is given 
below. The first slug had the same effect as in Run 18 [Fig. 5.16] which is expected, since 
dissolution was the major bitumen mobilizing mechanism. The pressure profile, bitumen 
recovery, and solvent recovery were the same. A slight deviation started to take place once 
water or aqueous surfactant solution was injected and was more pronounced in the second 
injection cycle. Water inhibited diffusion, while the surfactant on the other hand succeeded 
in transporting most of the mobilized bitumen as indicated by the "clean" bottom water 
layer. Also, it did not seem to inhibit the diffusion process and actually enhanced the 
recovery process. This premise is supported by the increase in incremental bitumen 


recovery per slug cycle. 


The overall bitumen recovery for the same amount of solvent injected was higher than in 
the case of continuous solvent injection (11.3% vs. 9.5%). The surfactant solution was 
effective in transporting the mobilized bitumen from the bottom water layer. The aqueous 
solution in the effluent was analyzed for surfactant loss and the largest surfactant loss was 
observed at the start of the first slug, where the concentration in the effluent was nearly 


70% that of the original surfactant solution. The losses were less severe in the following 
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slugs. It is felt that the initial surfactant loss was fairly significant and the initial reduction 


in concentration is probably due to the surfactant being adsorbed by the rock matrix. 


0.1% Surfactant Alternating Solvent Run 

Run 20, the last run in the series was also a combination solvent/surfactant run. Since, the 
idea is to use the least possible amount of surfactant, it seemed logical to use a lower 
concentration of surfactant and observe its effect on recovery. A concentration of 0.1% 
was chosen at a point were the interfacial tension stopped decreasing rapidly [Fig. 5.15], 
and the difference in IFT between the two concentrations (0.1% and 1.0%) was small (3.7 
mN/m vs. 1.4 mN/m) expecting that the bitumen recovery would not be affected 


significantly by the difference. 


The production history is plotted in Fig. C20 and is tabulated in Table B20. Comparing 
Figs C19 and C20, it is seen that the trends are very similar except for the concentration 
profile. In the 1.0% surfactant run the bitumen concentration remained fairly constant, 
even during surfactant injection, while in Run 20, it started to decrease. The increase in 
pressure drop was also higher in Run 19. These differences seem to indicate that the 
bitumen depletion was not as high as in Run 19 and the displacement of the mobilized 
bitumen was not as efficient. This fact was confirmed when the post run core was 
examined both visually and analytically. The bottom water layer was dark in color 
showing the presence of mobilized bitumen, unlike the bottom water layer in Run 19. 
Thus it would seem that the 0.1% concentration was not as efficient as the 1% solution. 
Figures 5.16 and 5.17 show a comparison of the cumulative recoveries and the incremental 


recovery per slug for the three runs. 
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5.9 Sources and Magnitudes of Error 
In the displacement tests conducted, the effluent consisted of two phases, namely an 
aqueous and a hydrocarbon phase. Bitumen and solvent recoveries were calculated from 
the effluent volumes, which were determined by visual observation after centrifugation. 
The samples were collected in 50 cm? centrifugal tubes graduated in 2.5 cm} increments (+ 
1 cm3 uncertainty in 50 ml). A complete run yielded at least 30 of these samples to be 
analyzed for hydrocarbon and aqueous phases, which draws attention to error accumulation 
and its effect on the final recovery. An additional source of error in reading the phase 
volumes was the emulsification of the phases. The volumetric balance can be evaluated by 
plotting the cumulative fluid injected versus cumulative production. The volumetric balance 


curves for selected runs are presented in Appendix C. The total error was around + 5%. 


The core was extracted and the residual bitumen and solvent concentrations were 
determined. A mass balance was then conducted for the runs, again the the total error was 
around + 6%, and can be accounted for by the bitumen and sand loss during cleaning of the 
core, intrinsic errors in the determination of bitumen density, bitumen concentration in the 


effluent and composition of the oil sand. 
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6. NUMERICAL SIMULATION 


The numerical simulator used for this study is a modified version of the isothermal, two- 
dimensional, two-phase, two-component model for a solvent-bitumen system developed 
previously 20. Kaleli's32 modifications to this simulator consisted of an improved viscosity 
correlation, and also representation of a bottom water zone. The modifications done in the 
present study included a correction in the gravity coefficient which had a significant impact 
on the overall results, particularly to the pressure profile. In addition, extensive comment 
statements were added, and the program was made more user friendly. The simulator is 


described briefly below. 
6.1 Theoretical Development 


6.1.1 Assumptions 

The treatment of the problem was based upon the following assumptions: 

1. Oil sand can be divided into two basic matrices: bitumen which is initially immobile 
due to its high viscosity, can be treated as a semi-solid, which becomes mobile upon 
sufficient dilution, and a sand matrix, which constitutes a rigid rock matrix. 

2. The injected solvent instantaneously invades the porous medium by displacing the 
connate water. 

3. Bitumen particles have homogeneous, isotropic diffusive properties such that solvent 
migration within the interior is at a molecular level. Thus, only the normal components 
contribute to solvent transfer into the semi-solid bitumen interior. 

4. All bitumen particles are spherical for geometric simplification. 

5. A critical concentration C* determines the mobility of the solid/liquid interface. Solvent 
concentration is less than or equal to C* in the semi-solid interior and greater than C* in 


the liquid phase. The inter facial concentration buildup at the contact surface to the 
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critical is instantaneous and remains single valued for the duration of the dissolution 
process. 

6. The liquid phase is an incompressible fluid in which the constituents propagate by both 
diffusive and convective transport mechanisms. The semi-solid species propagate by 
diffusion only. 

7. Boundary layer effects are neglected so that the transition zone is a transitional layer of 
uniform thickness. Concentration is assumed to be linear across the transition zone, 
and thus solvent transfer into the semi-solid phase through the transition zone is 


approximated by first-order adsorption. 


6.2 Simulator 

The time dependent matrix porosity, dm, is the volume fraction void of sand, in which both 
bitumen and solvent phases coexist. The instantaneous porosity, 0, is the volume of the 
flowing liquid in which convection currents exist. The instantaneous liquid saturation, S, 


is the macroscopic volume of liquid in the semi-solid/liquid system. 
ae cee een e MM Cota aes Secc ue maae ae ys (6.1) 


The spherical solute particles have a uniform local size distribution and the particle number 


density, np, relates the average particle radius, rp, to the macroscopic liquid saturation. 


3 
S = be AAD aa eB atseevises (6.2) 
The particles shrink as bitumen is desorbed, and the velocity of dissolution, r,, is given by 
the radial advance of contact. 


(6.3) 


Conservation of solvent mass over the solid-solid subregion equates the rate of solvent 


transfer from the liquid phase, through the transition layer, 5, to the net accumulation 
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within the solid spheres. This yields a radial dissolution integro-differential equation for the 


sphere radius, Tp, as a function of the macroscopic liquid phase solvent concentration, C. 


ey <{-F() +f i(t (t)F(t — tat} = 12[Ci, +a(C-C’)] \. aoe (6.4) 


F(t) = aE = =e al 


Beta A POSSE GO AD ORME BET Th We hs AiR (6.5) 


where Q, is the adsorption coefficient which governs the rate of solvent adsorption across 
the transition zone. If fluids are moving through the porous medium, molecular diffusion 
may be enhanced by directional velocity dispersion. The longitudinal and transverse 


coefficients can be calculated by the equations below22. 


D 

Dp= tic 0.01 57 cdi |Virtnn Steer docaain na ( 6.6) 
D u 

Df ee bards | ee (6.7) 
FR 


Equating the rate of solvent accumulation to the combined convective and diffusive fluxes 


yields the convective-diffusion-with adsorption equation given below. 
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Conservation of mass equates the accumulation of fluid due to variations in concentration, 


to the apparent velocity giving the Darcy-Continuity equation. 


0 |pk. Oo 
oo (p+ pum} oq(1-“En,x) 2 Narevessvavelete etare (6.11) 


The Kozeny-Carman equation as presented in Scheidegger“® is used to analytically relate 
the component permeabilities to porosity. The bitumen-solvent viscosity is related to the 
liquidity determined by the solvent component viscosities and densities using Cragoe's 


Method45., 


6.3 Numerical Solution 

Equations 6.4, 6.8 and 6.11 constitute the coupled system of non-linear equations to be 
solved. The approach used is described briefly. The time step is based on the incremental 
pore volumes of fluid injected at a constant flow rate. The space domain is partitioned into 
a regular mesh-centered grid. The radial dissolution equation, Eq. 6.4, is discretized using 
central differences for the time domain and the midpoint rule for integration. The Darcy- 
continuity equation, Eq. 6.11, is discretized using central differences to obtain an implicit 
expression for pressure. The integral form of the convective-diffusion with adsorption 
equation, Eq. 6.8, is spatially discretized using central differences and is time integrated 
with the Crank-Nicholson scheme. The ‘Trancatien Cancellation Procedure, TCP,.is used 


for the direct solution. 


The mid-point velocities and diffusion coefficients are evaluated at the mid-points from the 
current pressure iterate to generate values for the concentration at the next consecutive time 
node. A mass balance check is used to monitor the differential and cumulative errors that 


arise in the approximate solution to the overall scheme. 
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6.5 Organization of the Computer program 
Figure 6.1 shows a flow chart for the simulator which is written in Fortran to simulate the 
concentration and saturation distributions of a two-dimensional leaching of a solid oil phase 
immersed in a streaming incompressible flow field bounded within a finite porous region. 
A listing of the computer program and sample input and output files are given in 


Appendix E. 


6.6 Numerical Simulation Results 

6.6.1 Process and Reservoir Conditions 

A data set was developed to represent and to evaluate the parameter sensitivities. This data 
set was Structured to match the experimental conditions and properties of the porous media 
and fluids used. Table 6.1 shows the preliminary physical data chosen for simulation. The 
physical dimensions of Model I were used in the simulator. Experimentally determined 
porosity, saturation, fluid injection rate, bitumen and the Suncor synthetic crude densities 
and viscosities were used. The absolute permeability of the sand matrix was determined 
using the Kozeny Carman*® equation. The formation resistance factor, inhomogeneity 
factor, longitudinal and transverse parameter coefficients were obtained from Perkins and 


Johnston22. 


The initial solid diffusivity was calculated using the Wilke and Chang estimation method47 
and compared to literature values47,48 Actual values for the system were not available but 
the calculated value was of the same order of magnitude as that for other similar systems. 
The molecular diffusivity was estimated using Wilke and Chang estimation method4’, the 
molecular weight of the solvent was determined using Cragoe's equation4?. Literature 
values°9 were used for the particle diameter and bitumen molecular weight. The initial 


sphere radius was estimated using the bitumen content in the oil sand. The mass transfer 
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Input fluid, porous media, 
diffusivity and grid parameters. 
Initialize values. Input BC's 


Establish D4 ordering 


k=0 
Pin({k})n+1/2=Pin 


Solve(rp(n+1)}m; Calc. (S(n+1) }m 


Solve{ P(n+1)}m ; Calc. {u, D(n+1/2)}m 


Solve :{ C(n+1)}m 


Calculate (Q {k}){N+1/2 


Calculate (Pin{k+1})(N+1/2) 


No 


yes 
Check differential and 
cumulative mass balances 


Update for new 


time interval 


Figure 6.1 : Flow Chart for Computer Program. 
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Table 6.1 


Simulation Physical Properties - Homogeneous Pack 


Physical Model Dimensions 


Lengthh=60cm 
Width* = 3.75 cm 
Depth* = 6.25 cm 


o2 


* The depth and width are interchanged in the actual simulator since the 2-d directions used 


in the simulator are in the x and z directions. 


Fluid Properties at 23 °C 


Inj. Rate = 0.0833 ml/s 

Bitumen Density = 1.03 g/ml. 
Bitumen Viscosity = 191000 mPa.s 
Solvent Density = 0.8665 g/ml 
Solvent Viscosity = 4.6 mPa.s 


Porous Media 


Oil Sand zone 
Matrix Porosity, 0, = 0.39 


kx = ky = 19 uum? 
Oil ead Thickness = 6.25 cm 


Parameters 


Molecular Diffusivity [Dg] = 5.E-7 cm2/s 

Solid Diffusivity [ Ds] = 7.0E-9 cm2/s 

Particle Diameter [dp] = 0.1 cm 

Initial Sphere Radius [ro] = 0.03 cm 

Formation Resistance Factor [Fp] = 4; Inhomogeneity Factor [o] **= 3.5 
Critical Concentration [C*] = 0.25 

Instantaneous Liquid Saturation [So] = 0.25 

Mass Transfer Coefficient [@ ] =5.0E-7 cm/s 

Longitudinal Parameter Coefficient [a1] = 0.5 

Transverse Parameter Coefficient [@,] = 0.0157 
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coefficient and critical concentration were two parameters that were obtained by history 


matching, although the initial values were the same as those used previously22. 


6.6.2 Parametric Sensitivities 

An attempt was made to evaluate qualitatively the sensitivity of the leaching model to 

various parameters. The parameters that were investigated and their effect on the 

cumulative OBIP[%] is described below: 

a) Critical concentration was one of the most sensitive parameters in the simulator. 
Increasing the critical concentration, C*, resulted in a decrease in bitumen recovery and 
an increase in solvent recovery. The incremental bitumen recovery peaked at a lower 


concentration and this peak value occurred at a lower value of HCPV's solvent injected. 


b) Recovery was also sensitive to the adsorption factor, a. Increasing q, resulted in a 
broader bitumen recovery peak indicating increased incremental bitumen recovery and 


solvent recovery. 


c) Both liquid and solid diffusivities influenced the pressure distribution but did not 
change the recovery profiles appreciably. However, it is possible that these parameters 


may have a larger effect with other parameter combinations. 


d) The longitudinal and transverse parameter, coefficients did not affect the results 


perceptibly. 


e) Results were relatively insensitive to the oil sand absolute permeability in the case 
-of a homogeneous pack in the range considered (Fig. 6.2), but there was considerable 
sensitivity to absolute permeability when bottom water was present. Two cases were 


studied and are presented in Figure 6.3. 
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96 
f) Decreasing the particle size increased the rate of the leaching process, resulting in 
higher pressures due to bitumen banking which decreased drastically as the bitumen 
was produced. Since the bitumen concentration in the oil sand is taken into account in 
the calculation of the radius of the sphere the assumption that bitumen may be modelled 
as a sphere instead of the concentric particle (bitumen coating sand) may have a big 


effect on the modelling. 


6.7 Features of Simulation Runs 
Model I, with the physical properties listed in Table 6.2 was chosen as a basis for 
simulation. The principal variable quantity in the simulation runs was the bottom water 


permeability, although the oil sand permeability was varied to confirm the trend. 


6.7.1 Bottom Water Runs: kx=ky=19 jm? 

The simulation conditions listed in Table 6.2 were used for the bottom water runs. These 
conditions were based on the history match obtained using the experimental data for the 
homogeneous run - Run 1| (Fig. 6.2). Three different bottom water permeabilities (2, 24 
and 200 m2) were simulated using an oil sand permeability of 19 um? which was 
calculated from Run 1 data. The simulation results qualitatively matched the experimental 
results of Runs 9 (2um2), 10 (24um2), and 11 (200um2) as seen in Fig. 6.4. The trend 
showed that bitumen recovery decreased as the bottom water permeability increased, 
however, it was not intended to match the results quantitatively by adjusting the various 
parameters. Also, note that the simulation results for the 24 and 200 um? runs are very 
similar and therefore there could be some doubt as to the validity of the results for bottom 


water zone permeabilities in this range. 
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Table 6.2 97 


Simulation Physical Properties 
Bottom Water Runs 


Physical Model Dimensions 


Length = 60 cm 

Width* = 3.75 cm 

Depth* = 6.25 cm 

* The depth and width are interchanged in the actual simulator since the 2-d directions used 
in the simulator are in the x and z directions. 


Fluid Properties at 296 K 


Inj. Rate = 0.0833 ml/s 

Bitumen Density = 1.03 g/ml. 
Bitumen Viscosity = 191000 mPa.s 
Solvent Density = 0.8665 g/ml 
Solvent Viscosity = 4.6 mPa.s 


Porous Media 


Oil Sand zone 


Matrix Porosity, @, = 0.39 
Bitumen Layer Thickness = 5.25 cm 


Bottom Water Zone 
Bottom Water thickness = 1.0 cm 


Parameters 


Molecular Diffusivity [Do] = 5.E-7 cm2/s 

Solid Diffusivity [ Ds] = 7.0E-9 cm2/s 

Particle diameter[dp] = 0.1 cm 

Initial Sphere Radius = 0.03 cm 

Formation Resistance Factor [Fr] = 4; Inhomogeneity Factor [o] = 3.5 
Critical Concentration [C*] = 0.25 

Instantaneous Liquid Saturation [So] = 0.25 

Mass Transfer Coefficient [@ ] =5.0E-7 cm/s 

Longitudinal Parameter Coefficient [a1] = 0.5 

Transverse Parameter Coefficient [a@,] = 0.0157 


Variables 
kaw =2 um? kaw =2 Um? 
Kaw = 24 um2 Kaw = 24 um? 
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6.7.2 Bottom Water Runs: kx=ky=100 pm? 
The next simulation set was run in order to confirm the recovery trend for the bottom water 
permeabilities, and to investigate if the oil sand permeability had an effect on bitumen 
recovery in the presence of bottom water. The unusually high bitumen recoveries in Runs 
9 to 11, were attributed to a loose oil sand pack in the vicinity of the second injection well 
which could have resulted in an oil sand absolute permeability greater than the calculated 
value of 19. To test out this conjecture the oil sand absolute permeability was changed to 


100 um2 and the three bottom water permeabilities were rerun. 
p 


A recovery trend similar to the experimental runs was observed as seen in Fig. 6.5, i.e. the 
lower bottom water permeability (21m7) had the highest bitumen recovery as in the 


experimental run, (Run 9) while the higher bottom water permeability run had the lowest. 


6.7.3 Effect of Oil Sand Permeability on Bottom Water Runs 

The results of the simulation runs (kx=ky=19, and 100um?) with a bottom water 
permeability of 24 zm? are shown in Fig. 6.3. It can be seen that the oil sand permeability 
has an effect on bitumen recovery. A higher absolute oil sand permeability results in higher 
recoveries in the presence of bottom water. The bitumen recoveries for experimental Runs 
10 and 12 both of which had a bottom water zone permeability of 24 um? are also shown 


in Fig. 6.3. As seen in the figure a very good match was obtained for Run 12 recovery. 


6.8 Discussion 

The simulator is a useful tool for understanding the effect of some of the parameters that 
might affect recovery and also for observing the saturation profiles during the displacement 
process. For example, visual examination of the sand pack showed that most of the 


produced bitumen came from the injection and production ends of the model, as well as the 
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layer adjacent to the bottom water. This phenomenon was also observed in the simulated 


runs, as seen from the computed bitumen saturations. 


The simulated solvent concentration is based upon the assumption that the solvent is 
present everywhere right from the start. As a result while the amounts of bitumen leached 
are meaningful, solvent concentrations are not, and were therefore not plotted. It was 
possible to match the bottom water pressures fairly well. The pressure drop increased as 


the bottom water permeability decreased. 


It can be concluded that the present numerical simulator is useful for gaining insight into the 
parameters that might affect recovery and also for determining the mechanisms to some 


extent, but the results are only as reliable as the input data. 


6.9 Simulator Limitations 

It was found that the simulator could predict the cumulative bitumen recovery and pressures 
fairly well up to 1 HCPV solvent injected after which it predicted higher recoveries for the 
homogeneous pack run. In the physical experiments, recovery decreased significantly after 
the injection of one HCPYV of solvent as the dissolution process by leaching was damped 
due to solvent chanelling. The simulator on the other hand did not simulate this 


phenomenon and continued to leach out bitumen. 


An initial liquid continuity is required for the simulator to function properly. This 
assumption fails to predict the leaching that is initiated from the time of solvent injection, 
and thus the predicted bitumen breakthrough may not match the experimentally observed 


value. 


The simulator assumes that the rock matrix is fixed, which is a reasonable assumption, but 


it is possible that once the bitumen is leached from a section the extracted sand may move 
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with the bottom water zone. Movement of fines is beyond the scope of the present 


simulation. 
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7. CONCLUSIONS 


The present research examined the role of bottom water for bitumen mobilization. In this 
study the effect of different injection strategies as well as bottom water thickness and 
permeability on bitumen recovery was examined. Based on the results of experiments in 


two models and many numerical simulations, the following conclusions are reached: 


1. Bottom water thickness has an effect on the overall bitumen recovery. A thick bottom 
water zone leads to solvent dissipation and comparatively low recoveries, while a 
thinner zone leads to reduced solvent loss and higher recoveries. It was found 
experimentally that the recoveries did not vary significantly for oil sand-to-bottom 


water thickness ratios, hp/hy, between 4 and 7. 


2. Considering oil sand-to-bottom water thickness ratio > 4.0, it was found that a lower 
injection rate resulted in higher recoveries by allowing more time for diffusion. 
Shutting in the injection and production wells for a short period was also beneficial for 
the same reason, i.e. an increase in residence time resulted in higher recovery in view 


of increased transverse diffusion. 


3. Permeability of the bottom water zone plays an important role in the ultimate bitumen 
recovery. Recovery did not vary significantly for bottom water zones with 
permeabilities between 2 and 24 m2; however, when the permeability was increased 
to 200jm2, recovery deteriorated. As a result, reducing bottom water zone 


permeability may be one way of increasing the ultimate bitumen recovery. 


4, The use of a second injection point, which is in effect equivalent to reducing the 
distance between the injector and producer, resulted in a slight increase in bitumen 


recovery. This effect was more pronounced in the high bottom water permeability run 
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indicating that reducing the well interval may be beneficial in high bottom water 


permeability zones. 


The effect of well penetration is significant. A better strategy for increasing recovery 
is to place the injection well away from the bottom water layer and the production well 


fairly close to the same. 


Model II was successful in improving pack properties by allowing for better control in 
the ratio of the heights of the two zones and well placement. It also reduced solvent 
channelling and override through the application of overburden pressure, thus 


resulting in a more efficient recovery process. 


The numerical simulator was able to predict recovery trends for the different bottom 
water zone permeabilities qualitatively; however, it was not possible to match the 
recoveries for the runs considered quantitatively without adjusting various parameters. 
Based on the simulation results it would seem that the ratio of the permeabilities of the 
two zones is a significant factor in bitumen recovery. The simulator is a useful tool for 
understanding the effect of different parameters on bitumen recovery and for observing 


the saturation profiles during displacement. 
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8. RECOMMENDATIONS 


The following recommendations are made for future studies to enhance the work already 


done: 


L. 


3; 


The possibility of blocking off very thick bottom water zones on the efficiency of the 


recovery process should be studied. 


A combination of solvent and surfactant injection appears promising and further 
consideration should be given to this technique. For example, the effect of 
solvent/surfactant slug size and concentration on bitumen recovery should be 
investigated further. It is also suggested that better methods of analyzing surfactant in 


both the aqueous and organic layers be examined. 


Further experimental and/or numerical studies should be conducted on the effects of 
bottom water thickness, permeability and well penetration 0 pinpoint the transition stage 


at which recovery starts to deteriorate. 


Certain modifications to the current numerical simulator are recommended. The 

changes listed below include changes to both the main program and to the data input: 

a) The critical concentration and adsorption coefficient are significant parameters in 
the simulation and the use of experimentally determined values for the synthetic 
crude-bitumen system is recommended. 

b) The simulation model does not assume a concentric particle, i.e. a sand particle 
coated with bitumen, instead it assumes spherical bitumen pellets confined to the 
pores. This assumption may not be entirely accurate and alternatives should be 


explored. 
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c) Assumption of initial liquid continuity, does not accurately represent breakthrough 
conditions and if possible should be modified. 
d) The current solution scheme requires prohibitive computing time and more efficient 


solution schemes should be investigated. 
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APPENDIX A 


MATERIAL AND EQUIPMENT SUPPLIERS FOR EXPERIMENTAL 
WORK 
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Air impact wrench 


Whitey Valves 

Swagelok Fittings 

316 SS Mesh Strainer Element 
40 tm Mesh Construction 


Neoprene Sheet 


Glass Beads 
Sizes 3, 8, 13 


Heise Gauge 
Labtech Notebook v 5 


DAS 8 Data Aquisition and control 
interface board 
Exp - 16 Expansion Interface 


ISCO LC-5000 Syringe Pump 


Perkin Elmer 
Infrared Demountable Sealed Cell 


Oil Sand from Suncor's open mining 
site. Ft. McMurray 
Suncor Synthetic Crude 


Sample Vials 
Toluene 
Calcium Chloride 
Methylene Chloride 
Rotavapor Evaporator 


Stepanflo 80 


Supplier 113 


Princess Auto Ltd. 
11260 - 163 Street 
Edmonton, Alberta 


Edmonton Valve & Fitting Ltd. 
4503 - 93 Street 
Edmonton, Alberta T6E 5S9 


Continental Petroleum Rubber 
9725 - 62 Avenue 
Edmonton, Alberta T6E 0E4 


Rotair Industries Ltd. 
1040 - 78 Avenue 
Edmonton, Alberta 


Dycor Industrial Research Ltd. 
#139 17303 - 102 Avenue 
Edmonton, Alberta T5 S 1J8 


MetraByte Corporation 
440 Myles Standish Blvd. 
Taunton, MA 02780 


Technical Marketing Associates Ltd. 
6620 Kitimat Road, Unit 6 
Mississauga, Ontario LSN 2B8 


The Perkin Elmer Corporation 
1350 Kootenay Street 
Vancouver V5K 4R1 
1-800-663-7971 


Alberta Research Council 
P.O. Box 8330 

Station’F 

Edmonton, Alberta T6H 5X2 


Fisher Scientific Ltd. 
10720 - 178 Street 
Edmonton, Alberta 


Stepan Company 
Northfield, Illonois, 60093, USA 
1-416-624-7618 (Mississauga, Ontario) 
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APPENDIX B 
PRODUCTION HISTORY OF ALL RUNS IN TABULATED FORM 


aT 


a 
y a 
7 w 
; 
: wi) fe? 
ye neg Read 4 ; balk ty de me Oey 
i Ale ieee hs 


yee. 
Obs, ree 
S Oita 


fi i r 
\ 
tee 4 a 
qT 7 iw 
iv o . - “pg 
= { i) e 
_ A 1 1 
eis ‘ ae i 
1 ll eae ‘ 4 { 
me ; ‘ 
\ P3 Ad i 
NM ‘i 7 a ; 
F OG . res 
‘ ‘ nt ~ 
mes ¥ iy 
1 he | 
. See 
i e i 
© x i —! 
= J = ad 
t / oF 
i 5 
bi 
t te i ; 
ce i i A as 
‘ PEs) 7 ne 
x A ‘ 5 : 2 
=| \) oa 7 i 
a | 7 wy 
y a J re) i ae 
’ a oe! 7 a 
" ‘ F i 
a a \ i 
4 4 7 - 
ie eh i 
. r 
P { - 
i f i 
H 
~ I 
r 
r i. a : q i 
h 
at : ry - 
; = 
r 
2 ; i 
' -- 


id5 


461 Oly PL:S6 OL EL Ore c0 Ov 0°L0¢e 0°60¢ 0'Sv8 Zt 


Lvl Ol’ €8°96 ZL6 067 €0 0? Oh A: Evy 0°0€9 SL 
Sel O87 pl°L6 ZS'6 0'6¢ Z0 0¢ 0'8P L8v 0°08S Sl 
61 O8'7 81°76 ve'6 € ce v0 O€ Oly GLY 0°¢SS vi 
Oc lL OL’? cc £6 90°6 067 00 0¢ OEP Oe O'SLS Sir 
660 06°9 vOEOl 98°8 O61 80 0S 0'8P 00S 0'S?2r Alt 
66'0 06'°9 LE °c6 O€'8 Gil xe) 08 0'ce €°ce OSdcr LL 
€6°0 06'9 Ly L6 OL L ZSt 20 09 OA GS cv 0 Z6E OL 
€8°0 06°9 6S'06 Pez: Cie ee) Oz Ser Ser O'LSE 6 
€Z°0 092 €8°68 Ov9 Ove €'0 OV OEP SEV OSLE 8 
v9'0 O€'8 88°28 00°9 Ove €°0 OP GS 8e€ 0'6€ 0'SL2e Z 
9S'0 00°6 99°S8 v9'S 18 EG) O-L O97 SOP 0 6€¢ 9 
SPv'0 O€ OL 66 '€8 97 LY Cree €0 OL A OVP O'S6IL S 
Sh (0) OEE SL6L SLE 06 20 OOL Ocr a 8 cr OSS v 
220 02'S Lop LEG LOL £0 06 c Sb S9P OSLL € 
9L°O 00°02 c8 €9 esl Lg €0 OEL Gov Or 002 c 
60°0 Oc 'SE 9¢ 0d vS 0 GE Got 0'€? OOL O'8€ 0'8€ L 
00°0 00'0 00°0 00°0 = ae 00 00 0°0 0'0 0 
(AdOH) (Bq) (ful Ajos %) (didO%) (Ewo/Ewo)(gWwo/gWo) (% JoA) (jw) (|W) (jw) 
ful ful Aieaooes Aieaooes — — OH ul poid poid ful # 
A1OS SSdud AIOSWNO LIGAWNO YOS HOM =LIGSWNIOA OHON' = GINIZONI ATOSWNO AIWdWVS 
‘Bedy0'Lp = einsseid 1g 6 o'Sep = eoeld ul UewNg zwiz'o = JayeM 0} Hey 
JWG'ZE = ewNjOA 1g V/N = yoed peeq ssei6 1A %l'SGL = uolyeunjes uewn}ig 
4Uu/[W OOE = eyeY 6 o'zese = yoed pues 1M %L6E = Ajlsolod 


[ISO:uonseluy jUerjog snonuNUoD ‘| jepoy] 
UNY eq SnoeueboWOH -| NOY HOI AHOLSIH NOILONGOYd 


L@ 31eaVL 


SS 
@ © © G& 4 


mt 


~\ 


o?- 


—_: 


te os 2). m0 _Giaand no) man 


*€. g 
xe 
= oa 
82 

Ser 
Le 
~B.4S 
G95 
£, er. 
va 
art 
oe 
oe 
£.26 
Ome 
¢.26 


lt ad 
a) im, 
te 


“ADs 


, 


d 


¥ 


etd 


—_ 


5 


116 


L6°¢ 
LS’? 


(AdOH) 
ful 


A10S 


Ol’p 
Ol'p 


(Bq) 
ful 


SS3ud 


co 96 ZL'bl fice Z0 oe 0°202 

vr'S6 ZZ'€l AS €'0 oe O're2 
(ful alos %) (dIGO%) (Ewo/Ewo)(EWo/ewWo)  (% Joa) (jw) 
Aieaooes Alenooes — — DH ul poid 
AIOSWND LIGWNO 


YOS HOM = LIGSWNIOA =—OHONI 


[ISO:uonselul jUerjlog snonujuoD ‘| jepoy-] 


UNY 408d SnoeueBbOWOH -1 NNY HO4 AYOLSIH NOILONGOYd 


(GANNILNOO) 18 JISVL 


0°80¢ 


0'SZel 6L 
0°9¢2 O'SZOL BL 
(jw) (jw) 
pod ful 


# 
GINIS ONE ATOSWND J3IdWVvS 


Pas, 
. 
- 


" 


AMC CHC. 


117 


8lL'¢ 
vel 
cst 
OZ'L 
8S'I 
Lvl 
Sel 
eel 
LLL 
66'0 
Z8'0 
SZ'0 
€9'°0 
LS°0 
6€°0 
£20 
Slt'0 
€0°0 
00°0 


(AdOH) 


ful 


A1OS 


O8'Sl 88 °¢c6 Paul: JES) = € 0 O0L 
O2'Zt 8E°C6 66'01 ae “3 0°0 0°0S 
Oc Lk 88°16 6601 re aa 00 0°0S 
09°8L LE 16 66'0L a sd 0°0 0°0S 
O€'6L S9°06 66'0L zz. = 0°0 0'0S 
02°02 68°68 66'0t = a 00 0'0S 
02°02 00°68 6601 FT <= 00 0'0S 
02°02 €6°Z8 66 0L 0'6P 00 0? 0°0S 
0L'0¢ v8'98 SZOlL 06 00 0?¢ 00S 
02°02 6b 'S8 LS OL 0 6r 00 0? 0°0S 
00°¢2 ZL€8 LE 01 SLY 00 0¢ 0°0S 
Ol’ be IS L8 vo OL 8 8l 00 O'S 0°0S 
09°22 S682 vy 6 est 00 09 0°0S 
OS bE by Sl ZL'8 8°6 00 08 0'0S 
08’ br 6E'0L Lika l: S€ 0°0- 0°72 0'0S 
09°8S S029 bls S'€ 0'0 ice S 6b 
0S'96 LL°6S SS‘¢ 00 LO 0'¢e2 S'8Y 
OO'VEL 00'0 00'0 a = 00 00 
00°0 00°0 00°0 a = 00 0'0 
(Edy) ({ul alos %) (digo %) (ewo/gwo)(gEwo/ewo)  (% Joa) (|W) 
ful Ai@nooes Asenooes — — OH u! pojd 
SS5SY¥d AIOSWNO LIGWNO HOS HOM LIGSWMOA OHONI 
‘BEqyO Lp = eunsseid 19 5 sep = eoejd ul uewnyig 
lWS'ze = eWNIOA 1g V/N = yoed peeq ssej6 44 
Ju/IW OOE = sey 8 O'ZpLz = yoed pues 1M 
[ISO ‘I lepow]) 


UNY ed SNosuEeBOWOH -Z NNY HOJ AHOLSIH NOILONGOWd 


cd J 1aVL 


0°00L 
0'0S 
0°0S 
0'0S 
0'0S 
0'0S 
0'0S 
0'0S 
0°0S 
0'0S 
0'0S 
0'0S 
0'0S 
0'0S 
0'0S 
00S 
0'0S 
O'rL 
0'0 


(jw) 
poid 


OVL6 Sl 


O'rvlLs val 
0'r9Z 91 
O'rLZ Sl 
0799 vi 
O'vLg EL 
0'P9S rz 
O'PLS it 
O'P9r Ol 
O'vlLP 6 
O'P9E 8 
OLE " 
O'"92 9 
O'vL2 S 
O'r9l v 
O'vLL € 
0'r9 Zz 
Ort L 
00 0 
(|W) 

ful # 


GINISZ ON! ATOSWND AdAWvS 


cwizo = Je}eM 0} ey 


%ISL = uoleinjes vewnyig 


%0'8E = Ajlsosog 


era 


- 290 


“pat at ee 


Et Be 
20.58 


— ee .ay es 


ab at 
2@.8t 
ress 
wee 
onee 
98.08 
bE.55 
06.25 
e¢.638 
89.08 
7é.Te 
aa.te 


ao <2 
the + sve 


 $a.2e 


mou “eon tenneme) ue toy 


118 


LL¢ 09'9¢ cL 18 069 phe Le O'€ OLE 0'0F O'9rZ 61 


00°¢ 06'9¢ Zo18 6S'9 6 ¢cZl G2 0? 00 O' er 0902 8l 
68°l ORS JAG c0'08 9€°9 c 6VE eS OL 08 00 0°899 Zk 
Sit OL Le lk (ey Sc 9 c 6VE eS OL 0'8€ 00 0°8¢9 OL 
L9°1 OS VLA 86°22 Vlg c 6PE 67 OL SOV Sov 0'68S Sl 
9S'I Ole co 92 €0°9 6 cLl Be 0? 0'6E OA 4 0°0SS vl 
Syl 08 Ze Lov L8°S 6 cLL 9S 0? O'9€ 00 O'ELS cil 
vel Ov 82 SZ EL 09°S ZL 8 6 L 0 0'6E 0'?cr OCcLY cl 
iG | OV '8¢ Oc LZ 9L’S EAE ) Oe O LP Oe OECEYV LL 
Ol'L 08°8¢ S8°89 L8'p EA Mt O'€ 0'0PF Ocr 0° 06€ OL 
OO'L OL'6¢ 9¢°S9 LvYy Lp ee ae) Oe 00) 2 SOV O° CSE 6 
68°0 08'8¢ 00°L9 El 'p LPet 80 Oe 0'0r OLY OELE 8 
8Z°0 06'6¢ oS Ss 6Z'E GS 8¢ v0 O'LL S Ov S cv Ove Le 
S90 O25 Sc 0S €S'¢ €SS v0 09 S'6E SOV 0 Le? 9 
vs 0 OV EE cL Lp 98°1 €°SS 60 09 0'8€ 0'0F 0261 S 
€v0 O8'€€ Gc 8¢ Lot LSE 9°0 06 00Pr 0'?cV O'eSl v 
ce0 06'SE 66'S 610 De ZeSe OFZE 0'6 GL O°6L O'vLL € 
LE0 OLE 00°0 00°0 0°0 = 00 00 0°67 0°96 c 
vl'O OS te 00°0 00°0 0°0 <E 0°0 0°0 S 6 0°87 L 
(AdOH) (@dy) ({Ul Ajos %) (didO%) (ewo/ewo)(gwo/gwo)  (% Jor) (jw) (jw) (jw) 

ful ful Aieaooes Aleaooes — — OH ul poid poid ful # 

AOS SS3Y¥d AIOSWNO LIGWNOd YOS YOM LIGSWNIOA OHON! GINTISONI ATOSWNO 3J1dWvS 

‘Begy6'SE = einsseid 1g 6 2°2S¢ = eoejd ul uewniig cwr/", = JEyeEM 0} Jey 

IW O'PLL = OWNIOA 1G Beozp = yoed peeq ssejb 1M WwICI = uvoljeinjes vewnyig 

Ju/JW OO = e}eY 5 g'zzez = yoed pues 1M %9'8E = Ajlsolod 


[Zwipz=mey ‘Z'p=MU/QY ‘ISD ‘| Jepoy] 
SSOUMSIY | JOVEN WOHOG JO ey - € NNY HOI AYOLSIH NOILONGOYd 


€€@ F1aVL 


Bt | yoveser “yréveger a 


(89), wa! vlog a. (BO mS: cedsiamnyenarena eon 


ae 


ere. 


=. ae 


ers 


r 


a ~~ 


=e 
928, 


tati - 


ret? 
BET 


prt 


Gvec- She ar eae. 288 Oe 
mec Bor “‘S-— B28 AS omecen | 
P8.€8 42.82 eae _ ces be 2 att 


ee io ke 
oree § 90.0 ae 0.0" aioe =e 


“YRS i. ai “ 
08.68 TS.b5 ee a2: SS 
S45 -- Sst £6.86 est 6.6: es 
o€.35 sa-0% bt 3 6b se a 
ay.t O7NS - — ete ws $ Gee = ot 
Ss 28.1 Gf..5 60.08 96.8 ¢ One he. Ss an 
a 00'S 02/38 <s.t6 e238 est 2% ~ OF, Gos 7 : a 
rhs 05.29 Si.t8 Sea ? Brt 7 Of = Ale nos Ses ae et Te e> 


119 


92° Ore? €S°88 ZOOL 622k 00 oz SSP SSP O'OSLE 62 
ble 0L'€2 L8°L8 926 Z 6vE 00 OL S'6e S'6e 0'80l1 82 
bO'e 06'€2 60°28 S96 6c ea! 02 O'vy O'SP O'€ZOl l2 
L6'% 08'€? L298 Or'6 LPL el oe S'6e O'lb 0'8z0l 92 
L£9°2 Op re 9b'06 L0°6 6'9r €'0 Oz 0'St 0'9r O'€r6 S2 
9S°2 09'r2 €8°68 LL'8 2 6bE Lat OL O'vy S' bb 0'€06 v2 
6b'S? 06'SL €c'L8 So's 6 cL ot oz Olr 0'ep 0'088 Ez 
bye 0S'S2 62'r8 ANY! L'phe 8°0 oe 0'Or O'lLp 0'€98 Ze 
€€°2 08'S2 L9°€8 Br 62k G2 02 0'Or 0'er 0'€z8 L2 
SATA 02°92 Z9°28 Sal Lp 8'0 O'e O'lp 0'er 0'982 02 
(AdOH) (2dy) (Iu) alos %) (diIGO%) (Ewo/Ewo)(EWo/gwWo)  (% Joa) (jw) (jw) (jw) 
fur ful Aieaooes Kieaooes — — DH u! pod poid ful # 
AOS SS3a¥d AIOSWNO LIaWwno HOS YOM LIGSWNIOA OHONI GINTIAONI ATOSWNOD AIWWVS 


[Zwipz=mey ‘z'p=MU/QY ‘ISO ‘| Jepo;] 
SSOUMSIY | JEVEM WONOG JO J9e44 - € NNY HOS AHYOLSIH NOILONGOYd 


(GANNILNOO) €8 JIAVL 


5 
us) 
a] 


ert 


BR 


it vee A 


tt3- 
we 


oS oe 


ce wae 


- 
r 


a 


weer” 
HATE 


CSir 
tere 
oer 


BSSt 


— i - 
~ : | 
Z q 
— 
c 
: - a— 
a a 
: By = Sache = 
= = na 
a = 


120 


el O€ Zt L228 8s'9 0°66 ES O'l SOP 0p 0'S8Z 61 
66'1 Or'2l 28°28 8b'9 ards 72 oe 0'er Sry O7e2 8I 
06'1 Orel Sb'98 €l'9 0°66 0°0 Ol Slp SY 0202 Zt 
08't Orel 80°S8 z0'9 0°66 00 Gal OLE OLE 0°S99 91 
OL'L 08'el 66'€8 26'S 0°6r 92 02 0'6E Ol 0°0€9 St 
09"1 OL'EL 90°€8 LZ°S 0'6b 61 02 02s O'S O'16S vl 
ort OLE Ly'ls evs HAS el oe 0'0r Sly 00S el 
9€'L OS'€l L6'6Z OL'S 0°66 09 OL 0'@r Sy 0°20S at 
pel OL'EL LL°8Z 66'P ' Ove 9°0 O'r 0'6E 0'Or 009+ a 
yL'l 08'el ZS'9L LS‘ 0°66 L0 OL 0'0r € Or Oley OL 
€0'1 06'E1 Sl PZ 9P'b = _ 00 S yP 0'9P O'LSe 6 
160 02'rl er Ol 9P'b O'v2 90 | O'v 0'@r O'er o'8ee 8 
080 09'rL 62°99 00'r 0'6r S72 02 0'0r 0'%p 0962 Z 
69°0 02'S 89°L9 6L'€ 0'6r 8'€ oz 0'6€ 0'@p 0'4Sz 9 
8S'0 00°91 S6'SS 8S'€ O'v2 et Or SOP S tp O'SLZ S 
Lv'0 O€'Z1 cS'9P ple Cor gL (WA 0'6€ Or OSL v 
9€'0 06°81 p6'€€ Or'2 LOL 92 0'6 O've O'e%r O'eeL € 
SZ'0 oe 22 lest LS't bz Or 0°62 0°02 O'er 0°€6 @ 
am) Oe'9€ 000 000 00 — 0'0 00 0'6r oes L 
(AdOH) (2d) ({ul Ajos %) (gIgo %) (EWo/Ewo)(Ewo/gwo)  (% jon) (jw) (jw) (jw) 

ful fur A1@A0991 KieAoge) — — OH u! poid poid ful # 

A10S SS3¥d AIOSWNO LIGWND HOS HOM = LIGSWNIOA OHONI = GINTSONI ATOSWNOD adWyS 

‘Beyye'9e = einsseid 19 6 eee = eoe|d ul uewnyg cwip'e = JeyeEM 0} Hey 

IW S°SG = eWNIOA 1g 6e"L6z = yoed peeq ssej6 “1, %y'e9 = uoleinjes uewn}ig 

4u/W OOE = eyeY 5 o'Zepe = yoed pues 1 %L'6E = Ajsosod 


[gwrpz=mey ‘g'g=my/qy ‘ISO ‘| Jepoyy] 
SSOUMIUL JEIEM WOO Jo 9843 - p NAY YOY AYOLSIH NOILONGOYd 


ra J1EVL 


~~ 
“Ui 
me 


25.98 


VaA2 
48.46 


ae | 
a 


ean 
c) & oF Pe) % bs 


hv oS 


~c o 


SOY. 
o.TEX 
fo mit BN 


ite 2 


Se re 


2% 


Oe a 2 ie 


121 


AS) O6'LL 9°16 6L°L — — O'L 0'Ob S'Or O'98Ll 62 
LLe O6'LL 26°06 6L°Z 0°66 00 ome 00+ 00+ O'6rLL 82 
00° O6'LL Lv'06 89°Z 8°26 el om S'6e 0'Or O rrr lige 
68'¢c OL LL 0c 06 8S Z 8°cOL LS OL OL OEP O'LZOL 92 
8L°Z OL LL S868 Lyl 0°66 09 om Slb O'br 0°0€01 Sz 
L9°2 OL LL Zv'68 9E°Z 0°66 €'9 OL 0'Or S 2p 0°686 v2 
9S'2 OL'LL 02°68 SoZ 0°66 89 OL o'Ze S'6e O'L¢6 €2 
Sv'z Ole 62°68 Siz 0°66 €'9 OL 0'Or A 0°S06 Ze 
Sez Ol'ZL 7S'88 p0°Z 0'v2 £0 o'r 0'%r Str 0°898 ig 
pe7 OL'ZL 76°28 8s°9 2S — 00 S' Ob 0'er 0'8z8 02 
(AdOH) (2dy) (ful Ajos %) (digo %) (EWwo/EwWo)(EWo/EwWo)  (% Joa) (jw) (jw) (jw) 

ful ful Aieaooes Aieaooes — — OH ul! poid poid ful # 
A10S Ss3ud AIOSWNO LIGWno HOS HOM = =LIGSWNIOA = OHON §«GINTAONI ATOSWNOD AdWvSs 


[Zwipe=mey ‘g'g=myyqy ‘ISO ‘| Jepoy] 
SSOUHIY | JOVEAA WONOG JO 9643 -  NNY HO4 AHOISIH NOILONGOHd 


(GSNNILNOO) *€ STEVL 


dee 


oa 


122 


BEE 09'S Log 6b'b 0661 OOL S0 00F RA Olel Bt 


6L'€ OLS c&'c9 OV'b 0661 SOL S‘0 O'8E 0'0r 0629 Zt 
LO’€ 00°9 LL°O9 Ley 0661 8 Ol $0 OLE 0'6€ Olv9 SIL 
y8'c OlL’9 OZFES cov 0661 LS S'0 0'6€ 0'0P 0°P09 Sl 
99°¢ 0€'9 clos ely 0661 €'8 S'0 0-9 SUAS 0°99S vl 
6h? Org 89'°LS SO'¢ 0661 LS S'0 06€ 0'0r 0'0€S el 
Le? 029 88° Lb 96°€ 0661 8'P S0 OA OEP O'L6Y cl 
ol’? 09°9 98'cr 98°€ O'66L Ls S'0 OLE S’8e O'LSP LL 
vel 08'9 68°LE LES 0'661 GL S0 00 Sly OElLY Ol 
SZat Oe'Z BC LE 89°€ 0 66L e Qt S0 OLE 00 OeLE 6 
ZS'\ OL ZL L6-E? 6S'E Ore Lal OV O'9€E G8 O' PEE 8 
Ov'L 02'8 O2'St L6°¢ L's ? O'LL O'CE 0'0r 0°862 Z 
cot 0601 679 9c 1 CZ bv vEe O'cl 08 Oly 0'6S2 9 
60'1 028 Lov 80 LS Eve OSI Oz OEP 0 ce? S 
y8'0 OS'Z vli?e c£0 LS €9S OSL SV A O'6Z1 v 
S90 O29 00°0 00°0 00 = 00 00 S87 O'6E1 € 
bro 06'S 00°0 00°0 00 ae 0:0 00 0°0S 0'v6 re 
cc 0 09'P 00°0 00°0 00 cao 0'0 00 0'0S OLb L 
(AdOH) = (2d) ({ul Alos %) (dIGO%) (gwo/ewo) (gwo/gwo) (% |0A) (|W) (Ww) (|W) 

fur ful A1@A0991 Ksenogel _ — OH ul pod poid ful # 

AOS SS3Y¥d AIOSWNO LIGWNO YOS HOM = =LIGSWNIOA ~OHON! = GINTIAONI ATOSWNO AIdAVS 

‘BeYqyZ'9 = einsseid 1g 6 0-912 = eoed ul uewnyig zZWg9'G = JEyeEM O} Hey 

IW O'GEL = EWNIOA 1G 6 O'POLL = yoed peeq ssej6 4, %89E = uoleinyes uewng 

4y/W OO = eyeY 5 o'SOpL = yoed pues 1M %9'6E = Ajisolod 


[Zwipz=mey ‘oO L=MU/QY ‘ISD ‘| Jepow] 
SSOUHIYL JE}EM WOHOg 40 1991/4 - G NNY HO4 AYOLSIH NOILONGOYd 


Sd F1aVvL 


eng 
: 
ie 


7 ke 
i 5 tt 
: Re t 4 
Tosa) oat 8 
7 y 
ee 


: 
; bork 


te 
1 


a 
ie 
4 
Ls 


z 


Tut 


loo 5 
3 
D 1% 
7 4 
at ? 
C 


- oSer 
18,68 
BS.fe 
96.5 
BESe 
88.C6b 
#a.t2 


OY 


= te 
ape 
= t.08 
aah 


<p 
sea! 


: 
i © a r o 7,2) 
pe: 


yan 
{ 
i 
j 


25 


90°¢ OL ce LE'€8 by 9 a a 00 SLY O'er O'Egl 6l 


S6'L OL'ez €L'Z8 py'9 6 lL Pk Lat L0 O'er Ser Orel gl 
r8'l OL'%z 08°08 9€°9 Live v0 82 0'Or S Or 0'€89 Zt 
CEG OL 22 L662 90°9 ote r'0 Le 0'6E S'6E 0'er9 91 
€9'L Ov'e2 SS'8Z €L'S = = 00 Str Sep 0°S09 Sl 
2s't Ov'ez 659 €L'S see 70 62 0'6€ S’6E 0°S9S vl 
Zp’ h Ol'r2 26 bl evs = = 00 0'ep Sev 022s et 
bent OlL've 09°22 evs 6°SZ Oz ex 0'6€ 0'0r 0'98r Al 
O2'L OlL'b2 €€'0L 62'S BLS 80 Vig 0'6€ S'6€ OLbY LL 
60°} 08' rz SL'89 Li's 0'OL 9°0 L'6 s'Se SLE 0°SOr OL 
LO'L 0S'Sz Se's9 ber eile €0 SP Sip 0'2%r o'eZLe 6 
680 06°92 S8'L9 ple 9°bZ 1 6'E 0'Or Sp 0'0€e€ 8 
82'0 00°62 €6'9S cee’ 8°61 Pt 8p ole 0'Or 0162 Z 
89'0 OO0'LEe LLG p82 ysl 60 L'9 o'LE 0'6€ 0°2sz 9 
850 OL’ee Lepr €z'2 y’Sl 91 L'9 0'Or Ov O'912 S 
Lv'0 os'9¢ epee 8S'I (aur S'°0 Gl 0'6€ S Or Ort ¢ 
Ze'0 Orly €2'9l 620 GL L's fig | 0'Sz 0'Or O'9EL € 
92°0 09'8e 00°0 00°0 0°0 _ 00 00 0°0S 0°96 Z 
€L'0 08'vz 00°0 00°0 0°0 — 0'0 00 02s OLY L 

(AdOH) = (Bd) (ful alos %)  (dIGO%) (EWo/ews)(gWo/ewo) (% |OA) (|W) (jw) == (jw) 

ful ful Aieaooes Kieaooel — — DH u! pod poid ful # 

A10S SS3ud AIOSWNO LIGWNO HOS HOM = LIGBSWNIOA OHONI § GINTISZONI ATOSWND JAI1dWvSs 

‘Be YgyS'6r = einsseaid iq 6 2'9/€ = eed ul uewniig cwro'g = JeyeM 0} ey 

IW OOLL = EWNIOA 1G 6 O'EZE = yORd peeq ssei6 %G'L9 = uolyeunjes uewnjig 

JW OO€ = e}eY 6 o'eppe = yoed pues 1A %9'LE = Asolo 


[Zwipz=mey ‘z°s=muyqu ‘Iso] 
SSOUNOIY] JOVEM WOO JO 9e{3 - 9 NNY HO4 AHOLSIH NOILONGOHd 


98 ATEVL 


“ 


) ‘4 PEN = yeas | 
#2. ~ aguguerieeagtionnes 


(itn) : 
os20 6 f. 

B= 80.0 oe  s 2&8 — one $ 

Ons Ber BT ax 2 os an 60s £ 

cabs Shee aR est a ee eB _* 
Aree ee ess bat 2 OP oe ee, eM = 

(00.48 wx.t2 2.8 af = Boe Ove « Oa& @ 

(0028 - £8.82 She ~ 8.¢t Le as. - Git OF ‘ 

08.43 28.16 Bv.E 5.5 ‘Ba Gf = ~ 098 aft een 

02.28 26.28 o. S$. £0 o6- ate ost 2 

OB.AS  SF.89 tre- £0r, ~=88 fr 426 - B16. et 

OL.BS 66.0% ec2 8.42 “Roh = Ht Dee. O88 va 

Ot. 08.St £h.2 2.2% ee Sy. hes ‘pee _ st 

GAS $2.5} tha =. - 66 1 BSA ie — 

ORES 62.8% eta 2,28 .o-- 8S -- OR fv at 

é8 Obes é2.8f A ~ ~ 9.0 ase 6 fat a 

a oc.89 reek 0.8 e1€ £2 té 86 . Oa ae 

re it ot.c¢ 08.08 82.3 8 ho - &s 003 6p vr 
= né.t OTS ot 38 naa othe rt {2 q.2% 2.£% er 
a0.$ Ov SS \e.E8 a) - 0.0 ate as er 


124 


OL’ Or't2 pS'68 06'6 8°8E — oe S'6e S'6E O'OSLL 6z 
00'€ Or'le S068 06'6 = 0'0 8'Z Oty Ory O'ZLLL 82 
68°2 Or'lz LE°88 09°6 =_ _ 00 0'Or 0'0r 02201 Lz 
8L'2 OL'ez 73°28 09'6 — — 00 0'Or 0'0r O'€€0L 92 
89°2 Ol'2z ZI°28 09°6 0661 00 S'0 0'8E 0'8e 0°S66 S2 
8S'z Ol 22 65°98 SS'6 O'PZ 00 80 0'6E 0'6E 0°8S6 pz 
6r'% OL'ez 81°S8 Lv'6 L's 20 e9L 0'8E 0'6e 0°26 €2 
862 OL'Z2 90°98 082 6'0L 00 78 S bY S' bb 0788 oe 
Lae OL'%z Less 62°9 LO S'0 v2 Sle ed 2 0'2rs Lz 
912 OL'22 LS'ps zs'9 6 LPL 00 L0 OZ 0'%r 0°208 02 
(AdOH) (2d) (ful Ajos %) (iGO %) (gwo/Eewo)(gWo/ewo) (% |OA) (jw) (jw) (jw) 
ful ful Aieaooes Klenooes _— —_— OH u! poid poid fur # 
A10S SS3¥d AIOSWNO LIGWNO HOS HOM LIGSWNIOA OHONI GINTISONI ATOSWNO JIdANVS 


[Zwipz=mey ‘z°s=mu/qu ‘ISO ‘| Jepoy] 
SSOUHIYL JEEMA WOO JO 198149 - 9 NNY HOS AYOLSIH NOILONGOHd 


(GSANNILNOD) 98 318VL 


et ee Pe ee | 
- &e ~~ OS88 SE EGS 


ey 


' 


125 


vel 8L be v6 €8 Cry 7 iy 00 S cr. Sey O°c9L 61 


vst LS'p¢ LS°¢8 Cv'p a = 0'0 0'6€ SOV Occl 8l 
blk SO'r7e LS’ 18 erp = = 0°0 0'2r € cr 0'€89 Zi 
p9'L c6 be ¢2'08 ev'b = = 00 OLY Lily 0°29 91 
es" 90°S2 92°82 evr LNG 0°0 bP 0'?r A 7 0°209 SI 
ert 90°Sz GEL 96'€ Se = 0°0 GS bY O'?r O'1L9S vl 
cet 8b Sd 61 SZ 96'E Orel Sl 80 Ole GLP 0°2cS Eel 
bol c9°S2 bScl L8°€ = —_ 0°0 0'0r 2 0P 0'S8r a 
vi v0'9¢ S269 Z8°€ EE OLOe 61 0? S'8¢e 0'0F OLY LL 
vo'L v0'92 ZI °L9 89'€ oS2 €'0 Be S' Or Olt 0°80 OL 
v6'0 81 °9¢ cL eg BCE LANG Pat vy S Ov Sev 0 69€ 6 
¥8'0 LOL? OZ'6S €8°¢ 66 S‘0 c6 Ole OEP 0'6cE 8 
€Z°0 CSTLS Le°SS Z8°L € 6c 80 ee 0'Or Ole 0882 Z 
¢9'0 €l'82 02° 8h est 06h 9°¢ 02 0'8€ 0°0r 0°0S2 9 
€S'0 Ol'62 €8°6€ vel Lt} 6°0 vy 0°8€ S'6E 0°602 S 
bro 6L LE 82°L?2 160 6°91 60 9°S 0'8E 0'0r O'?LI v 
veo LL’vEe Sc8 Z€'0 9°Z esl OLL Sel 0'6€ OPEL € 
S20 0€'ce 00°0 00°0 00 = 00 0°0 0'6r 0°86 A 
Ae) vy le 00°0 00°0 0°0 = 00 00 0°0S O'Lb L 
(AdOH) = (Bd) (ful Alos %)  (dIGO%) (EwWo/Ewo)(eWo/ewWo) (% Joa) (|W) (|W) (|W) 

ful ful Ai@aooes Kieaooes — _ OH u! pod poid ful # 

A1OS SS3ud AIOSWNO LIGWNO YOS YOM = LIGSWNIOA OHON! § GINIAONI ATOSWNO J1dWvS 

‘Begy6'Op = einsseid 1g 6 2'86e = 90e]d ul Uewnig cwiy'¢ = JeyeEM 0} Hey 

IW O'SOL = EWNIOA 1g 6 o'p9e = yored peeq ssei6 1M, %6'LL = uoljeinyes vewnyig 

JU/IW OOE = e}VeYy 8 o'sese = yoed pues 1M %S ve = Ayisolod 


[Zwnpz=mey ‘Z°G=mu/qy ‘ISO ‘| jepoyy] 
ZNNY YO4 AYOLSIH NOILONGOYd 


24 3J1avl 


Be 2g 
26,25 
86.25 


¢e.5¢ 


28.64 
Paes 
§y RS 


2 


otaa 


2st 


0.387 


126 


€0°€ 
v6'c 
S8'¢ 
ele 
v9'? 
ASA 
e's 
ve? 
See 
Sl2 
c0°c 


(AdOH) 
ful 


AOS 


60'b2 
60'¢2 
€2'¢e 
€e've 
€c' ve 
€2 ve 
Lee 
LE'¢e 
Le ve 
LS’ be 
Le've 


(@qy) 
ful 


SS3ud 


22 06 erp = = 00 0'SE 
00°06 ebb = = 0°0 o'se 
S868 ery = — 0°0 O'S 
cv'68 ery — re 00 S'8€ 
€L'88 evry = — 0°0 O'S 
L€°8s ery = — 0°0 0'6€ 
v9'Z8 ev'ry > SS 0°0 S'9€ 
02°28 €v'v — — 0°0 OLE 
Lv'98 ery = =~ 0°0 S’8€ 
06'°S8 ery x = 0°0 S'8€ 
9p'98 ery a = 0°0 0'9r 
([ul alos %) (dIGO%) (Ewo/Egwo)(Ewo/gwo)  (% Joa) (jw) 
Aieaooes Kieaooel — — OH UI pod 
AIOSWND =LIGWNO YOS YOM = LIGSWNIOA OHONI 


[Zwnpe=mey ‘Z°g=muy/qy ‘ISO ‘| jepoy] 
ZNNY HOS AYOLSIH NOILONGOHYd 


(GSNNILNOO) Z8 3TEWL 


0'6€ 
S’°9€ 
SOF 
0'0r 
-0°9P 
0'0F 
SLE 
S’8€ 
S°8€ 
S'8€ 
O'LP 


(|W) 
poid 


QIN14 ONI 


O'O6LL 
O'vSLL 
O'LZELL 
O0°eZ0l 
O’ZEOL 
0°66 
0'¥S6 
O'LL6 
0°288 
0'€vs 
O'e62 


(jw) 
ful 


NIOSWND AIdWVS 


0€ 
6c 
8c 
Le 
9¢ 
Se 
ZA 
€c 
ce 
Le 
02 


# 


’ 


[tap TA ee S 


oe 


27. 


Set bys veel L8L 8S Le 8 rl S'8l Sst 0'66h 8l 


Oe l 8S'S CrieZ Si. SOL Lak: Z8 SEL O'vl O'L8P cay 
Ske It 6l Pb Giee L8’9 €6¢ 0°0 L435 SOL c OL 0'99P OL 
aA |L 6L'P 00'eZ cl 9 SiSs 10) 6c Syl Srl O'eSb Sl 
BLL 6L'P 9b-cL 09°9 €'6¢ S0 Cis O'rL Ort OLE vl 
vi'L 6L Pp cB ll 8P'9 €'6¢ 80 Cc 0 "e Ove O'ccr Sib 
80°L 6L'P ce Ol 929 € 6¢ 9°0 Cis OrZt OLL 0 86€ cl 
vol SO'r 62°89 LL’9 S bY v0 Ard SOL SOL O'E8Ee LL 
OO'L 6L'v 02°29 Lo'9 0°66 c0 OL S6L S6l O'89€ OL 
v6'0 SO'r cS sg 96'S 6 PL 68 C9 Ocrl O'crl O'8vEe 6 
9S°0 Seay L8°SY vS'€ cl 64 99 S'8¢ G82 0202 8 
6¢7'0 Lvv SLLE £O'€ es 87 6S GS 0€ S 0€ O'LSL iL 
Ly'O SLY 80'8¢ Zab 69 9°¢ 9cL Ole Ol? O'eSL 9 
S10 ZLS ev st 00'L Gre BL OSL OSL OSL O'CEL S 
ce 0 bys LS'6 LS 0. 6S 6'€ Pl O'EL OSL OLZIL v 
82°0 8¢'9 00°0 00°0 00 ar 0°0 0:0 Ser O'E€OL € 
Zt°0 LvY 00°0 00°0 00 = 00 00 G ZL O'Lgo c 
ra a) SO’ 00°0 0 00 a 00 00 0'9F Ory L 
(AdOH) (2d) (ful alos %) (dIGO%) (Ewo/Ewo)(EWwo/gwo) (9% Joa) (|W) (]w) (jw) 

ful ful Aieaooes Aseaooes _ _— OH u! poid poid ful # 

A10S SSHY¥d AIOSWNO  LIGWNO YOS HOM = =LIGSWNIOA OHON! GINISONI ATOSWNO J3IdWvS 

‘Beyye'9 = einsseid jg 6 ore = eoejd ul UewnIg cwns'g = Je}eEM 0} Hey 

|W O’EOL = OWNIOA 14g 6 7: £S€ = yoed peeq ssej6 1M %S'99 = uolWeinjes UswN}Ig 

JU/JW SL = eyey 8 o'6zrz2 = yoed pues 1M %e BE = Ajylsosodg 


[gwipz=mey ‘z7g=mu/qu ‘1So] 
yey UoNoelu] Jo JOeyA - 8 NNY HOS AYOLSIH NOILONGOYd 


8d 3J1EVL 


> 
ie 


er 


2 
a 
ae 


a Mn 


“Ae y 


bait) 


=, . 
b 


te 
~~ 


128 


LS’h 
ey 
6e'l 


(AdOH) 
ful 


AOS 


6L'P 
LO'P 
bys 


(Bq) 
fuy 


SS3ud 


SS°SZ 16'6 08 ee PTL 0'0€ 
6L'vZ 70'6 89 oe WA SLL 
Skip €r's Ss Lz eS Sel 

(ful Ajos %) (diIGO%) (gwo/Ewo)(EWo/gwWo)  (% Jor) (jw) 

Aieaooes Aseaooes — — OH ul! poid 

AIOSWNOD LIGWNO HOS HOM LIGSWNIOA OHONI 


[Zwrpz=mey ‘Z°G=mu/qU ‘ISO ‘| |epo;w) 


eyey uoHoelu) Jo j9e43 - 8 NNY HOS AYOLSIH NOILONGOYd 


(GANNILNOO) 88 JIEVL 


0°0€ 
sZt 
Sel 


(|W) 
poid 


GINId ONI 


0°6SS LZ 
0'6zS 0z 
O'ELS 61 
(jw) 

ful # 


AIOSWND AWAWVS 


aes 


oe ae 


129 


Cb? Lo 9 8S 62 ev ec O'cl €0 Lae 0'8E 06 0208 Le 


Ze? 8S'Le S6'8Z SS 22 LOL €0 06 0'8€ 0'6E 0°69Z Oz 
tad cy'se LL°eZ rach ard Stk €0 08 OL 0'8r O'eeZl 6L 
L0'2 L9°6€ SO'LL 6€ 02 “LSt Z0 09 0'@r Str 0289 St 
S6'L 8L'0r LZ°SZ €9°6L ake Z0 Sb 0'SP SSP O'Lr9 Zt 
€8'L QL LY 29'el Z0'61 9 vl Z0 v9 o-Le ¢ Ze 0209 91 
Cet 6S ‘er 02 eZ oes eel 00 OL o'8e 0'8e O'LLS St 
LO"L 86'€b eL'0L OS‘ZL SLL €°0 08 o'LEe 0'8€ o'ees vl 
os't Sl ’St 66°89 LO"OL Leen €'0 6L o'Le ose 0'L6r el 
6e'L L6'9r 78°99 €Z'St LOL €'0 06 0'9€ o-Le 0'29r Zh 
62't 8S'8b pe'v9 SZ'vk 9°9 20 cel Was 0'8e 0'6er LL 
6L'L 29°0S L619 82 El €'8 Z0 8°0l 0'8r 0'6r O'r6E OL 
SO'l vl'ps 792s Aig! 89 20 gz 0'8e 0'6€ O'6rE 6 
v6'0 06°2S p8'eS SeOl Gl Z0 io ose 0'6€ o'zLe 8 
€8'0 09°29 88'8t L6'8 v9 00 Sel O'eP o'er 0'SZz if 
LZ‘0 €0°r9 6L bt LV oF €'0 8°LI ose 0'0r 0'9€2 9 
6S'0 8r'89 6y'€ ELS 9'F 9°0 SLI o'9€ 0'Or 0°26 S 
80 CL LL ple oz’ oF 64 SLL 0'0€ 0'0r 0091 v 
LE'0 0289 vS'6 6S'L Be ve OLE O'Lt 0'Se 0'€zl € 
l2'0 L0'9¥ 000 00°0 0°0 — 00 0'0 Sly 0°68 FA 
EL'0 pe've 00°0 00°0 00 — 00 00 Ory O'rr L 
(AdOH) (2qy) (Iu jos %) (digo %) (Ewo/Ewo)(EWo/gwWo)  (% joa) (jw) (jw) (jw) 

ful ful Aseaooes Kieaooes — — OH u! poid poid ful # 

A10S SS3¥d ATOSWNO LIGWNO YOS HOM =LIGSWNIOA = OHON! §=GINISZONI ATOSWNO 3TdWvS 

‘BEY OP = eJnsseid 1g 6 BS LPE = eor|d Ul UBWN}IG zw6g'} = JOJeM O} ey 

lw o'68 = EWNIOA 1g ~—_ 6 L“ZZE = yoed peeq ssejb 1M %G'9S = uUOl}eINjes UveWN}Ig 

Ju/JW OOS = eyeY 5 os szez = yoed pues 1M %eZ Ov = Aylsosod 


[Zwrz=mey ‘2°g=mu/qy ‘1S9] 
IEMEIU] 9M 8 Ailliqeewsed Je}eM WOYOG JO Jay - 6 NNY HYO4 AHOISIH NOILONdoud 


68 J1aVL 


EOF mytieowd 


y 


AsSarn w= 
v 


Van 


130 


vo'9 
L6'S 
08'S 
L9°S 
9S'S 
vrs 
ces 
02'S 
80'S 
v6'v 
L8'p 
69°F 
9S'P 
9b'b 
SE'v 
Sov 
80°F 
96°€ 
6Z€ 
99°€ 
ese 
6v'e 
9e'€ 
€c'€ 
cle 
L6°¢ 
S8'¢ 
92°C 
99°¢ 
SS°¢ 


L6°ee 
€c'€e 
Sc ee 
8E'€e 
99°€¢ 
99°€2 
80°¥2 
co OS 
b9'b2 
c6 ¢2 
Ly'se 
SL’°S2 
€0'92 
E92 
6S°9¢ 
98°92 
86°22 
€S°8¢ 
S962 
ve oe 
9 LE 
9b LE 
Z8°LE 
€vce 
LL°c€ 
SS'€€ 
Ol ve 
8E'vE 
80°SE 
LL°SE 


€c'l6 
76°06 
02°06 
6v'06 
206 
c6'68 
¢9'68 
8h 68 
ZE°68 
02°68 
66°88 
S888 
40°68 
Lv'88 
61°88 
68°28 
10°28 
Z€°98 
€b98 
02°98 
S9°S8 
vS'S8 
60°S8 
09°'8 
S6'€8 
ce €8 
€8°c8 
Si °c8 
Lel8 
€S'08 


6l Ly 
S9'0P 
Lp Or 
90°0F 
Sb'6E 
6L'6E 
Z8°8€ 
ev se 
cl Le 
cc 9E 
c8 Se 
6E°SE 
LOSE 
vS VE 
c6 EE 
6E ee 
6P ce 
veLe 
bS Le 
68°0€ 
61 0€ 
6°62 
Sc 62 
6L°Le) 
62 °L2e 
bS'9¢ 
v8°Se 
9¢°S2 
9L'¢2 
80're 


Ore 
9°9P 
0'6E 
9°8L 
9°9P 
0'6€ 
0°92 
Z'3 
byl 
ele 
9°2?e 
v' 82 
Ove 
S'Lt 
v6l 
L0¢ 
Ove 
Lee 
O'6L 
est 
9°8l 
6LL 
8 
ve? 
9°8L 
o“dt 
ool 
L0¢ 
vSt 
9°81 


[gwriz=mey ‘z's=mu/qu ‘ISo] 


00 
00 
00 
0°0 
00 
0:0 
0°0 
0°0 
€'0 
StL 
€°0 
80 
9°0 
S‘0 
60 
0'0 
0°0 
£0 
S‘0 
v0 
0°0 
0°0 
0°0 
0°0 
20 
20 
€°0 
0°0 
20 
20 


Ov 
Lc 
Sc 
LS 
Le? 
S2 
Le 
€ Ol 
s‘°9 
Le 
Se 
ve 
O'V 
v's 
6'v 
9°F 
o'r 
82 
0S 
os 
Ls 
es 
BOL 
Lv 
LS 
S's 
8S 
9°F 
L'9 
ES 


Ory 
0'6€ 
0'9F 
0'Or 
Ole 
O'er 
0'0r 
O'er 
0'9F 
O'eb 
Oly 
OLE 
0°6E 
0°8E 
0'9€ 
0°S9 
O'S 
08 
O'ePr 
O'S 
O'vL 
0'SP 
O'SP 
S Ov 
06 
A 4 
0'€€ 
S'9€ 
OLE 
A 4 


O'vY 
0'6E 
0'9P 
0'0r 
O'-lb 
oA 4 
00v 
O'er 
OLb 
O'SP 
Sle 
0'8€ 
0'0r 
0°6€ 
SLE 
0°S9 
O'S 
0'6P 
Ory 
0'9F 
O'vI 
0'Sb 
0'SP 
SO0v 
S'6P 
Serv 
See 
S'9€ 
SLE 
Sev 


0'€00¢ 
0°E961 
0°9261 
O'18st 
O'rrst 
0°9081 
O'99Z1 
O'9eZt 
09891 
O'LPOL 
O0°86S1 
0°9SSI 
O’'eLSI 
0'08rl 
O'rrrl 
O'OLHL 
O’eSEl 
O’ELEL 
O°8S2l 
Oriel 
O'eLLL 
OSS I 
O'FLLL 
O°'eZOL 
O°SEOL 
0°L86 
0'St6 
O'SI6 
0°288 
O'L¢8 


IEMBIU] 119M 8 Alliiqeewed sJeyeM WO}Og jo Joey - 6 NAY YOS AYOLSIH NOILONGOYd 
(G3NNILNOO) 68 SISVL 


LS 
0S 
6v 
8Y 
Ly 
OF 
SP 
vy 
ev 
cv 
Lv 
Ov 
6€ 
8E 
LE 
9€ 
Se 
ve 
ce 
ce 
Le 
0€ 
62 
8c 
Le 
92 
Se 
ve 
€?c 
oe 


Oe ean Bere oe 
rena Ty : rm ; pai ape 


Nines 
; 
ion 


oe 


SESeo6 


m2) 


5 


seer 


ie) fe ss on i] 


ef 
o 


apeoe 
So tc Po * 


iw 


7 
® 7 
Os 
an =e 
ees 
a : =) : 
oe Te 
* ah 
a = bd 
a 
ibe 
e : | 
of ’ s 
vii! 
i 
‘ 


_ O.arae 
G6.825/ 
 o.erer 


rh 
¢ 


eeeeKee 


8&8 


| 
hil 


131 


€S'¢ ov ol Or'9ol Lbce 9 Le 0'0 SE O'vy O'bYy 0'St8 Le 


Le? 9S'9| Z20'SZ S612 ANG 0°0 Sy Ory Ory 0°'r08 02 
800 8691 y9'El 9E°t? old 00 SY 0'Or 0'0r 0'e9L 61 
LV) 9e°Zl Sy bscay/e 2802 b61 0°0 6b O'Er O'Er 0'Scl BL 
S0'2 yS‘ZL Zyv'0l 61°07 oot 0°0 B'S OCP 0'er 0'”89 fait 
€6'L 96°21 09°89 9b 61 ysl 0°0 L’9 0'9F 0'9r 0'St9 9L 
O8'| LS’SL €€°99 co Bl 6 El oe) Z£9g 0'6€ 0'6E 0°c09 Sl 
69'L ZO'6L cl v9 ps'Ll 6'cl c0 COL Onze GLE 0°99S vas 
6S‘ €9'6L 66°19 vo°Zl BL 00 Cebe 0°Or 0'0r 0'0€S El 
Lyk 09°02 ZS'6S 69'°SL BL 20 ple O'lP 0'cr 0° 26r rae 
Se'l 09°02 08°9S 6e'rl oS 20 9°SL 0°6€ 0°0r O'cSbr Et: 
veh Oe le 02’ bs LviCk S'S 20 est Oty © OP O'ELP OL 
Ciel: Lb'e?e OZ°0S 6S OL BL re) PL O'8E S'8€ O'ELE 6 
LOvL v6'€? 92'9F 626 S'S ra) esl Sly Ser O'9E€E 8 
68°0 SL’S2% Le'Or 6E'L 8S €0 9'FL 0'Or Sly 0862 Z 
ZZ°0 98'°le BE'Ee S9'S Lg ¢'0 L’pt 0'8€ 0°0r 0°8S2 9 
99°0 vole Lebve vO'r 2 ei) b'0 batt 0'6E Olp 0'0¢¢ S 
Ss‘0 Se'Se 6S'OL LS’? ic yh 0°0€ 0°82 0'0r O'S8l 14 
9r'0 O9'Lr 00'0 00°0 00 = 00 0°0 0°0S O'eSt € 
0€'0 SZ’yl 00'0 00'0 0°0 = 0°0 0°0 0'8h 0°001l z 
9L'0 616 00'0 00'0 00 = 0°0 0°0 OS 0°€S L 
(AdOH) (2d) (ful alos %) (giIGO%) (Ewo/Ewo)(EWo/EWo)  (% Joa) (jw) (|w) (jw) 

ful fuy Aseaooes Aleaooas — = OH ul pod pod ful # 

A1OS SS3Ydd AIOSWNO LIGWNO YOS HOM LIGSWMOA OHONI GINTISONI ATOSWNOD JIdWvS 

‘Beqy9'Zp = einsseid 1g 6 2 bre = eovjd ul vewnyig cwi/'p = Ja}eM O} ey 

IW O'ESL = eWNIOA Ig 5 €0re = yoed peeq ssej6 1", %6'SS = uOoljeinjes UeWNIIg 

JU/W QOOE = eyeY 6 2 Lper = yoed pues 1M %8'Ov = Ajisosodg 


[gwipe=mey ‘Z7g=mu/qu ‘|S9] 
IEMAIU] [10M 8 Aliiiqeewied se}eM WO}Og JO 1999 - OL NNY YO4 AYOLSIH NOILONGOYd 


Ol8 FIEVL 


rr 


oh 


0 
_ 88, 0 
re.t 


“Str 
bs.t 
eet. 
et 


ean « yieow4 
we. 22 nolswice Aemulls 
Saale - Laat gt _e ia 


68 we vine 3) wo ehannte 


ts 


ee 


¢ 


te 


Pm 
ba 


mw 


co 
or ee 


ey 


96'S 
98'S 
92°S 
€9'S 
Lvs 
SE's 
00'S 
60'S 
L6°V 
98°F 
9ZL'P 
v9o'v 
os'y 
6E'P 
8c'r 
bly 
LOY 
68'E 
9ZL'E 
SOE 
9S°€ 
SVE 
ve’ 
ec € 
LL’€ 
66'¢ 
98°¢ 
LLe 
S9°¢ 


Oc'rl 
Oc vl 
Oc Fl 
ve vl 
beri 
ve vl 
Ly vl 
Ly vl 
Lyvl 
co vl 
SZ vl 
68° PL 
68'FL 
68°FL 
Lt’st 
Lesh 
SP'Sl 
eZ’st 
LO'OL 
€O0'°Sl 
ve vl 
col 
SZ VL 
€0'St 
LeSh 
Sv'sl 
Z8°St 
LO’9oL 
St ol 


Sc'68 
S688 
69°88 
8€°88 
0€°88 
80°88 
88°Z8 
€9°Z8 
02°28 
16°98 
19°98 
L€°98 
00°98 
L9°S8 
9€°S8 
86°78 
6S'¢8 
€l'vs 
8S'€8 
bees 
L6°c8 
9S°c8 
L0°c8 
9E°18 
808 
0¢'08 
€2'62 
02°82 
9E°LZL 


89°SE 
cv S€ 
Lise 
98° PE 
LOVE 
S6'EE 
eh 
v8'ce 
6S°cE 
ve'ce 
ve LE 
PS LE 
Lo Le 
Z8°0€ 
ZS°0€ 
Le0€ 
L862 
9€°6¢e 
L6°8¢ 
L6°Le 
€9°L2e 
c0-Le 
cS 92 
66°S¢ 
9€°S?c 
el ve 
9l'¥e 
€9°€¢ 
00°€2 


Ser 
Sev 
Ser 
6 SL 
cot 
861 
p82 
OLS 
Sev 
8°9¢ 
9°Le 
S°ZE 
0°9€ 
SLE 
0'°9€ 
ele 
9°2?e 
9°22e 
80l 
gle 
S St 
€ ce 
£02 
9°81 
9°81 
ce 
€0¢ 
6 Zk 
86l 


[Zwipe=mey ‘z°g=mu/qu ‘IS9] 


00 
0°0 
OL 
9°} 
v0 
+0 
80 
0°0 
ol 
St 
St 
8'l 
9°¢ 
0°¢ 
9'L 
St 
el 
Z0 
€0 
0°0 
S0 
€0 
9°0 
s'0 
$0 
€'0 
€0 
0°0 
0°0 


ee 
ec 
ec 
el 
8S 
8'Y 
ve 
6 
ard 
9'€ 
S'€ 
9°¢ 
Le 
9°¢ 
Le 
Le 
Se 
Se 
S'8 
Se 
LS 
ev 
9°F 
LS 
LS 
1 
Ly 
e's 
By 


0°8€ 
OLE 
0'St 
0'6Y 
Sle 
OLS 
OLE 
O'er 
0'LE 
S°9€ 
0'6E 
O'cr 
0'er 
0'8€ 
0'SP 
O'EP 
O'Er 
O'Er 
0'LZE 
0'ce 
0'9€ 
S'8€ 
0°6€ 
Oly 
Sly 
Ory 
SLE 
0°0r 
O'lP 


0's 
o'ZE 
094 
0'0S 
Seb 
0'2S 
0's 
O'er 
0's 
Sse 
Ol 
O'PY 
O'S 
0'0r 
O'Lr 
O'S 
O'S 
O'P 
0's 
o'ze 
o'2e 
0'6E 
0'0r 
O'Zb 
Sep 
SPP 
0's 
0'0r 
O'lP 


O'€661 
O'8S6L 
O'Ecé6l 
00881 
0°2Z281 
O'Z8ZL 
O'9ELL 
0°00ZL1 
0°0991 
O've9l 
O'68Sl 
O'LSSL 
0°60S1 
O'Z9¢1L 
O'6crvl 
O'P8el 
O'LvEL 
0'66cl 
O'8Scl 
O'lLecl 
O'O6L 1 
O'PSLI 
O'OLLL 
00801 
O'6E0L 
0°866 
0°2S6 
0'¥26 
0°S88 


[EME}U] [19M 8 Ajiiqeewied seyeM WOYOg jo JOeyF - OL NNY YO4 AYOLSIH NOILONGOYd 


(GSNNILNOO) O19 FIE@VWL 


OS 
64 
8b 
Lv 
9¢ 
Sv 
vy 
ev 
cv 
Lv 
Ov 
6€ 
8E 
Ze 
9€ 
SE 
ve 
ce 
ce 
Le 
0€ 
6c 
8c 
Le 
92 
Sc 
ve 
€¢c 
cc 


a 7 
me 
, = 


a, Oth Gte 0.288 » Ss 
2 oon <6. © exsed a: 
S58 — O88 = ONGG 688 = 
kb SAW -; 0.680" <> 
Bre. BSR — a 
- 2 ore = RSs “Ss ; 
ca 8b O10? oars a. 
- B88 0g Owart ~~ es 
a Gas. OFF 6.cer= 08 


BED Le 
Ba 
€.> 
Saf... .088 ose. -. oes re 
2€& 
Le 
a8 
+ 


ayat 8088 SOS 80S le a> 
Be. SB4 aa ae SB ae Tt BS¢ 6a = 


a8: Ot. ¢0e Garsr || SE 
“26. Ose oar _ o.eest se 
26 Gee om 3 orser OM 
a nL oactr 86 
—— ae aad | hed gerer - ae 
CMe: ; 


$uees 


133 


6rS €6'°8 86'S8 9L'¢ 06h 9°€ 0?¢ oA O'S 0°F08 02 


See 80°6 SS'S8 LS‘? 06h 9°0 0? O'2r Sev 0092 61 
C2? co 6 Lv'vs 92°¢ 0'6P 6'€ 0? OLS 0'°SS Otel 8t 
90°2 co 6 b6°€8 S6'L 0'6Y ol 0°? Sly Sev 0°999 Zt 
v6'L Se'6 49°28 OZ't 0'6Y ot 02 GS lY Ser 0229 91 
c8 bk 676 sels Srl 0°66 Ls OL S'6E Sly 0°28S Sl 
691 676 81°08 cel 0°66 b? OL OLY 0'8r O'LbS vl 
Sst 66 OL'sZ 6L°L 0°66 ev OL 0'9r 087 0°20S El 
Lvl Se'6 66°SZ SOL 0°66 LY OL O'er O'S? O'9S ol 
8c 676 ZL EL 260 0°66 0S Ol 007 A 7 O?LP LL 
Stl €9°6 Sco ll 080 0°66 O'S OL 0'0r O'Cr OtZE Ol 
€O'L €9'6 82°29 89°0 0°66 es Ol 0'8e 00 O' VEE 6 
L160 ZL6 v9'€9 ZS'0 0°66 LS Ol S6Ee Gly O' V6 8 
620 166 L8°ZS Sv'0 0°66 es Ol 0°8£ 0'Or 0°9S2 Ud 
89°0 166 Ov'0S veo 0°66 €9 OL S’6E 0'?r 0612 9 
vS'0 61 OL OS Or cc 0 0°66 es OL SLE S6E O'9L1 S 
€?'0 o9'OL Orv (0 ie) 0°66 Z8 Ol Sve GLE oO'OrL v 
Leo €8'cl 00°0 00°0 0'0 re 00 00 G Ll O'LOL € 
£20 166 00°0 00°0 00 a 0°0 0°0 Sly 0°88 A 
vL'O 99°8 00°0 00°0 0'0 =a 0°0 00 SLY O'vY L 
(AdOH) = (Bd) (ful alos %) (dIGO%) (Ewo/EwWo)(EWo/geWo)  (% Joa) (|W) (Ww) (Ww) 

fur fur Aseaooes Aieaooes -- — OH u! poid poid fuy # 

AOS SS3Y¥d AIOSWND LIGWNO HOS YOM = LIGSWNIOA OHONI GINIAONI ATOSWNO AIdAWVS 

‘Bedy 8'Zl = einsseid 1q 6 9:2Ee = eoejd ul Uewnig cwis’s = 18}eM O} ey 

IW O'LOL = ewWNjoA 1g ~— & E':06€ = yOed peeq sseiB 1M %e pS = uOoleInjes UeWN}Ig 

JU/IW OOE = e}eYy 6 o'8Z2z = yoed pues ‘1M, %E'Ov = Ajisosog 


[Zwrooz=mey ‘Z'G=MU/QY ‘ISD ‘| }epoy] 
SOURISIG JEMEIU] 16M 8 Aliiiqeowsedq Jee WOIOg Jo OeyA - LL NNY YO4 AYOLSIH NOILONGOYd 


LLe F1aVL 


cet 


re oy 
¥ rs > 


“ 


=" 
Six = 
Zz 
r 
2 


om om ys 
Be 


& 


2 


134 


00°9 
88'S 
91'S 
L9'S 
6¢'S 
8E'S 
So's 
ELS 
00'S 
L8°P 
bly 
o'r 
8b'r 
9E'F 
€c'v 
Ol’y 
Z6°€ 
bse 
69°€ 
SS 
ove 
6c'€ 
LL€ 
SO0'€ 
06°¢ 
S26 
L9'? 


be Zt 
cpedt 
8cLl 
Be Ll 
00°21 
98°91 
cL Ol 
8S'91 
€0'91 
SZSIL 
6L SL 
OS'FL 
veel 
v6'el 
v6 EL 
vovl 
Zeck 
es'cl 
¢6'8 
v6'8 
68 
v6'°8 
v6'8 
v6'8 
v6'8 
v6'8 
08°8 


60°€6 
96°26 
08°c6 
99°26 
8b'c6 
61°26 
20°26 
v6'L6 
bl 16 
cL 16 
6E'16 
oo 16 
OL'L6 
SO'L6 
08°06 
09°06 
LZ°06 
08°06 
ve'06 
S668 
€v 68 
8l'68 
95°88 
€6°Z8 
cS 28 
06°98 
SS'98 


6644 
colt 
9e'Ll 
€8 Ol 
SvOl 
60°01 
€Z°6 
8€'6 
668 
€9°8 
€c'8 
882 
8b'L 
88°9 
0s'9 
LL’9 
82'S 
cvs 
ol’s 
v8'y 
8S'b 
cer 
80°F 
ese 
SS'€ 
Sce 
00'€ 


ce 
€ ce 
€ ce 
€ce 
ce 
€ce 
€ ce 
€ ce 
ce 
€ ce 
€ ce 
ce 
O61 
€ ce 
ce 
€ ce 
ce 
0'6r 
064 
06h 
0'6Y 
0'6P 
0'6P 
0'6Y 
0'6P 
06 
0'6P 


[Zwroog=mey ‘ZSg=mMuU/QY ‘ISO ‘| JePpoW] 


60 
ol 
£0 
8°0 
Se 
“Lt 
el 
Sab 
Zt 
v0 
60 
co 
Sak 
v0 
v0 
Le 
0°0 
Ove 
$0 
Lf 
ot 
9°0 
9°0 
0°0 
S0 
ve 
Se 


Oe 
0'€ 
Oe 
Oe 
Oe 
Oe 
0'e 
Oe 
Oe 
Oe 
Oe 
Oe 
0°S 
Oe 
Ove 
0'e 
0'e 
02 
0c 
0? 
0? 
0"? 
0?¢ 
0? 
0'?e 
Oe 
0'e 


0'6€ 
SLy 
Sly 
Sp 
S'6 
0'0r 
SSE 
O'rp 
0'0r 
Ory 
Sg 
0'SP 
0'Or 
0'Zb 
O'eb 
0'9€ 
0'0r 
0'0S 
OL 
Sep 
O'lp 
0% 
slp 
OLY 
S'8P 
0'%p 
0'Or 


0 OP 
OR 
S'8h 
Str 
Sev 
0'cr 
0'0r 
0'9P 
0'er 
Soy 
S'6€ 
0'8r 
O'er 
Sev 
Sev 
0'0r 
0'0r 
O'€S 
S lb 
S bY 
0'er 
Sev 
0'er 
O'Ly 
0'6P 
O'ry 
O'ev 


O'8e6l 
00061 
0'0981t 
O'ELsl 
O'eLLL 
O'9EL1 
O°Z69L 
0°8S9l 
O'SIOL 
O'eZSl 
O°CESL 
O'v6rl 
O'8trl 
O°ZOML 
O'99€L 
O'EcEl 
O'esel 
0'6Ecl 
O'L6LL 
O'SHLL 
O'vOLL 
O0'c90L 
O’e€cOL 
0'¥86 
0'9€6 
0888 
O'rrs 


SOURISIG |]EMUEIU]  AliiIqeowWsed JEJE WOO JO OeYF - LL NAY YO4 AYOLSIH NOILONGOYd 


QSNNILNOO 118 F1EVL 


LY 
9P 
Sb 
vy 
ev 
ev 
Lp 
Ov 
6€ 
8E 
Le 
9€ 
SE 
ve 
ce 
ce 
L€ 
0€ 
6c 
8c 
Le 
92 
Se 
x4 
€¢ 
ce 
Le 


7 


% 


os Ae ae 
S eee i ¥ 
Fe _§ 


shatEEE 


: 


‘ 


geegee | 


s 
at 
om 


a 
P 
1 


ep 
| 


id 
¥» 


t 
4p 


on i 


ant 


Bees 


seate 


Ce 


yi ae = oad 


rl 
—s 


aes 


4 
~ 


TORECRRER 


we 


_ 


i 
i 


ot 


pi 


eee- 


parecer 


iy 
i 


PEL 


2 
bo a 


seamakec ve 
. " 7 ‘ : i: 
1 > a ; 
7 ype 
= 
OP 2 
%), 


2% 


ae 


eF 


+ 
| ie od 


<3 @ 


cd 
ro 


TS 


LS'62 66°18 S's 9'LS e2 
S962 €0'18 L418 91S Lh 
€6'62 78°62 68°L 91S Vey 
€6'6c Ge'8Z Lo'Z 91S £0 
LZ‘0€ oH Me 27d LEEL 91S L's 
€9'0€ Loo AR DA 0'6r Lt 
9Z'0€ bhp 78'9 0'6r pe 
BLL 60°22 Ss'9 0'6r v2 
Ze'Le ¢S'69 82'9 9'¥2 oa 
9l'ze OL'Z9 bls 9°”Z 61 
S8'Ze L6'P9 S2'S 9°bZ eb 
SS'€€ ze'09 €9'p Zale ard 
8E've 96'°9S 80'r Cuz rAd 
L0'Se zr'0S pry’ Zale rAd 
6L'9€ Seer S82 vst Sk 
gee BEC OL'2 62 ph 
ze Or 6S'8L 9L'L Lg 6'1 
99'bP 00°0 00'0 0 “S 
26'8€ 00°0 00°0 0 a. 
Ware 00°0 000 ) = 2 
(eq) (Jul ajos %) (digo %) (gwo/gwo) (ewo/gwo) 
fuy Aienodes1 Kseaooes — — 
SS3¥d ATOSWNO LIgWwno HOS YOM 


‘Bedy0'Sp = einsseid 1g 
IW O'ELL = EWNIOA 1G 


JU/IW OOE = yey 


6 g'eze = eorjd ul uewnjg 
5 Z'1Se = yoerd peeq ssei6 1M 


5 o'60€z = yoed pues 4M 


[Zwipz=mey ‘z°G=mu/qy ‘ISO ‘| Jepow] 
JEM] [18M 40 1999 - ZL NNY HOS AHOLSIH NOILONGOHYd 


el@ J1EVL 


6 t 
61 
61 
6'L 
6L 
0? 
0? 
0? 
6'€ 
6€ 
6°€ 
SY 
SY 
S'v 
L'9 
ol 
O'LL 
0°0 
0°0 
0°0 


(% |OA) 
OH U! 
LIGSWNIOA §=OHONI 


S’SY 
S9F 
S'9P 
S'6€ 
Ole 
O'vY 
0'9v 
Sev 
Sey 
S'6E 
0'0S 
0'8E 
Sv 
O'lLY 
0'6€ 
OLY 
O'ce 
0'0 
0°0 
0'0 
(|W) 
pod 


SLY 
GLb 
Slt 
0'0r 
0'SY 
O'S 
OLY 
S bP 
0'9F 
Sev 
Ses 
0'?r 
OLY 
O'S? 
Sev 
0'SY 
0'0r 
S'S2 
0'0S 
OLY 
(]W) 
poid 


QIN1d ONI 


O28 02 


0°208 61 
O'LSL St 
O'ELL TaN 
0'rZ9 91 
O'Le9 St 
0°68S vl 
O'ers ron 
0'€0S ral 
0'6SP Lt 
O'9Lb OL 
0'89€ 6 
o'9z€ 8 
0'78z Z 
0'0vz 9 
0°20z S 
0'8SI v 
O'6LL € 
0'v6 rd 
Orr L 
(jw) 

ful # 


AIOSWND AWNVS 


zwrg'e = 18}eM 0} {ox 


%eE LG = uvoleinyes uewnjig 


Sp ly = Aysolog 


= r ~ 1 4 
r Y. 2 


25 SER rh = leew: : 


136 


v0'9 
06'S 
SES 
L9’S 
8b'S 
SE's 
cos 
60°S 
L6'¢ 
Loy 
89°F 
SSP 
ovy 
O€'r 
Oly 
€0'r 
88°€ 
LLe 
Loe 
8r'E 
See 
co € 
80'€ 
S62 
8°? 


Si °Le 
6c°Le 
6c°L?e 
60°L?e 
LLZ’le 
LL°L¢e 
LZ°L?e 
S8°le 
cL 82 
cl 82 
92°82 
Ors 
c8'8c 
89°8¢ 
c8°8¢ 
Ol 62 
LE'6S 
S962 
S962 
S962 
S962 
LS'62 
LS'62 
262 
LS'6¢ 


88°C6 
c6 26 
08°26 
9¢°c6 
LI °26 
v8'lé 
oS'l6 
02°16 
98°06 
69°06 
8€°06 
€2'06 
€8°68 
LS'68 
€2'68 
28°88 
62°88 
19°28 
ce L8 
02°98 
v0'98 
LS°S8 
cS ¥8 
99°€8 
62°28 


S8°Zl 
bs Lt 
LZLLt 
c8 Ol 
8r9L 
VEO 
L8°SL 
Lv'st 
vL'St 
6y' Fl 
L6EL 
8Eel 
L8°cl 
8e'cl 
69°11 
Ole 
SPOr 
6r OL 
6L OL 
c6'6 
€L°6 
SS'6 
¢c6 
96'8 
LZ’8 


S0v 
S Ov 
SOP 
SOV 
SOP 
SOV 
SOV 
S'0v 
co €?% 
o€2e 
c€?e 
co €¢ 
co €?% 
c€?% 
c €¢ 
Sev 
06h 
0'6r 
9'LS 
vol 
vol 
06h 
0'6P 
06h 
06h 


. [Zunpz=mey ‘ZS=Mu/QY ‘ISO ‘| |epoy] 
FEMEIU] [19M JO EHF - ZL NNY HOS AYOLSIH NOILONGOYd 


0°0 
0°0 
0°0 
60 
0'0 
00 
0°0 
0°0 
00 
00 
0°0 
00 
0°0 
00 
8°0 
00 
9°0 
LL 
ot 
ce 
60 
S‘0 
0°0 
Sc 
ol 


ve 
ve 
ve 
ve 
ve 
ve 
vc 
vc 
Lp 
Lv 
Lp 
Lp 
Lv 
L'p 
Lv 
ec 
0'?e 
0'e 
6'L 
vil 
vl 
0? 
02 
02 
0? 


GSNNILNOO 218 FIEVL 


OLY 
0'8t 
0'9F 
Ory 
SY 
OEP 
Sy 
O'cr 
0°0S 
Sev 
0'0r 
Sev 
0°Or 
0'St 
Sy 
Sly 
SLY 
SLY 
Orr 
O'eY 
S'6E 
0'6P 
Sv 
S'6€ 
SLY 


Ole 
0'8P 
0'9P 
O'SP 
S bY 
O'€b 
Shy 
A 4 
0°0S 
Ser 
0'0r 
Sey 
0'Or 
0'St 


0'9P 


Sly 
O'cP 
S'8Y 
0'SY 
O'S? 
0'0r 
S'6¢ 
Sey 
Sle 
Sev 


0°9681 
0°cS8l 
0°'r081 
O°29Zt 
O'LeLI 
00891 
0'0r91 
O'86S1 
0°6SS1 
0°60Sl 
O's9rl 
O'8erl 
O'88El 
O'OSEL 
O°90E1 
O'r9Cl 
O'6L cl 
O'c8lt 
O'VELL 
O°L601 
0°O0SOL 
O'LLOL 
0°996 
0°S26 
0°888 


St 
vy 
ev 
ov 
Lv 
OV 
6€ 
8Ee 
LE 
9€ 
SE 
ve 
€€ 
ce 
Le 
O€ 
6¢ 
8c 
Le 
92 
Se 
ve 
€¢ 
A 
Le 


a 


G8 
an 


iw 
ae 
ey 
, 


on? 


© 


awe s 


a 
i 
oe? 1 é 
a 
- 7 


em 


as Be 
if 


es 
+> 


_ wy 


13% 


69°¢ 06'°8 cl 'S8 cB l 9°PS ce sl 0°0S 0°¢S 0228 61 


€S'z 00°6 €6'r8 SL 9°bS 9b 8k 08h 02s 0228 Bl 
Aa 00°6 02'z8 LEE 9°¢S ob gL 0'8r 0°%s O'16Z Et 
S22 OL'6 S0'28 Lod 9°¥S se 8h O'LP 0'0S o'SeZ 91 
60°2 026 vS'18 Sl'9 9°PS Or gh S'8P o'2s 0'€89 St 
v6'L 02°6 6S'08 8r'9 9°bS ve 8h SSP Sls 0'ze9 a 
6L'L 0S'6 6L°8Z ze9 9°bS Zs 8k S'8P oes 0°98S el 
po'L 0S'6 pSLZL S6'S L've e72 82 OL 00S O'vES re 
6r'L 028 p9'SZ SSS Live Le 82 SOP 0°0S 0°28 LL 
9E'L 08°6 S6'eL SI'S Lve ee 82 08h S'2s O'err OL 
6L'L Oe Ol 60° LZ vl'y Lve Se 82 SSP 00S 0'68e 6 
SO'L OLOL €6'29 Sey Lve e7 82 OL 00S O'ere 8 
06'0 Og'LL 92'€9 r6'€ Lt om 09 SOP 0°0S 0°S6z Z 
SZ'0 O9'LL 60'8S 60°€ Ove 82 o'r O'Sr 0'0S 0'9r2 9 
L9'0 rar Al LL‘OS vS'2 061 og 0S 0'Sb 0°0S 0661 S 
Lv'0 Orel ez ze Sel 86 at €6 0'er SSP O'eSt v 
Ze'0 06'°SL pr 290 88 L6L Z'OL 0°02 0'6S O'€0L € 
LZ'0 OS'ZL 00°0 000 00 _ 00 00 Oz 0°69 ra 
ZO OLS 00'0 00'0 0'0 — 00 00 oes OLS L 
(AdOH) (@dy) (ful ajos %) (digo%) (gwo/ewo)(gwo/gwo) (2% Jon) (jw) (jw) (jw) 
ful ful Aieaooes Asenooes = — OH u! pojd poid ful # 
A10S SS3ud AIOSWNO LIGWNO HOS HOM = LIGSWNIOA OHON! GINISONI ATOSWNO JIdWvS 
‘BeYyyZ'SL = einsseid 19 6 9:9z¢ = eed UI uewnyig cwiz‘z, = Je}eM 0} yey 
IW 0°69 = EWNIOA Iq 6 0'09€ = yoed peeq ssejb 1M %G9S = uoljesinjes uewnN}Ig 
JUu/IW OOE = eyeYy 6 O'p0ET? = yORd pues 1M %IOv = Ayisoiog 


[Zwipz=mey ‘z°g=muyqu ‘ISO ‘| Jepo;]) 
UN eseg jeedey JeMejy |18AA JO 19e9 - EL NNY HO4 AHOLSIH NOILONGOYd 


€l@ JIEVL 


Mo? PoP VRS 
Hy 
‘a 
« 
Fil 


id 
ae 
i : at 7 2 Ms - 
ae 
a] Ven ¥ ) » 


a 


ow HW ee) 
+ oe eee 


A 
ee 
2 


.e8 
\ 
iT 

i) 


aN 


i = 
: oe 


138 


OL’9 
S6'S 
08'S 
99°S 
LS’S 
9E°S 
Leo's 
SO'S 
06'r 
SL'y 
09'r 
9b'b 
Le'p 
Se 
00°r 
S8'e 
LZ’€ 
LS'€ 
ove 
8c'€ 
ole 
L6°% 
C8? 


026 
026 
0€'6 
0S'6 
02'6 
0L'6 
0L'6 
02'6 
026 
026 
026 
026 
06'6 
08'6 
09'8 
09°8 
09°8 
09'8 
09'8 
02'8 
02'8 
02L'8 
0L'8 


Sc'c6 


€2°26 . 


L026 
€8°16 
6S°L6 
LO°L6 
6E°1L6 
Lo°L6 
26°06 
6S°06 
Lv'06 
20°06 
€8°68 
0S'68 
9€°68 
L268 
62°88 
Less 
92°28 
9€°Z8 
28°98 
SS'98 
96°S8 


Of lt 
OLLL 
LOLL 
L801 
cZ'0l 
8S'OL 
€v'ol 
Ze0l 
clOL 
266 
c8'6 
89°6 
€S'6 
8E°6 
26 
60°6 
S6'8 
08°8 
S9°8 
LS’8 
9€°8 
Los 
40°8 


0°66 
0°66 
0°66 
0°66 
0°66 
0°66 
0°66 
0°66 
0°66 
0°66 
0°66 
0°66 
0°66 
0°66 
0°66 
0°66 
0°66 
0°66 
0°66 
0°66 
0°66 
0°66 
9°bS 


[Zwrpz=mey ‘2° S=MY/QY ‘ISD ‘| jepoy] 
UNY eseg Jeeday jensajyl |1eA4 Jo e849 - EL NOY Y 


v9 
cv 
ov 
v9 
“9 
0'9 
6e 
09 
O'S 
e's 
ov 
ov 
s) 
v9 
v9 
ov 
£8 
09 
s9 
0S 
v9 
es 
8'P 


O'l 
OL 
O'l 
O'L 
OL 
OL 
OL 
OL 
OL 
OL 
OL 
OL 
OL 
OL 
OL 
O'L 
O'L 
O°l 
O'L 
O'l 
O'l 
Ol 
8h 


(GSNNILNOOD) E1g JVL 


OLr 
0'8r 
08h 
OLb 
0'SP 
0°0S 
OLS 
0°0S 
0°0S 
Ag 
O'8r 
O'8r 
0'6r 
O'Lp 
OLY 
SZ 
0'9P 
0°0S 
0'9b 
0°0S 
OLY 
SZ 
O'9b 


0°0S 
0°0S 
0°0S 
0°0S 
0'8P 
0'€S 
0°eS 
O'eS 
Ses 
0°0S 
0°0S 
0°0S 
O'S 
0°0S 
0°0S 
S'6b 
0°0S 
0°€S 
0'6b 
Ses 
0°0S 
0°0S 
0°0S 


O4 AYOLSIH NOILONGOYd 


0°C661 
O'Crvel 
0°S681 
O°Lr8l 
O'LOSL 
O'eSZI 
O'cOLL 
0’OS9L 
00091 
O'eSSl 
0°20SL 
O'9SPrL 
O'LOrL 
O'8SSEL 
O'80€EL 
0°8Sel 
O'LLSL 
O'99tL 
O'LILL 
0'OZ0L 
O'6L01 

0°696 

O'L26 


cv 
Lp 
Ov 
6€ 
8€ 
LE 
9€ 
SE 
ve 
ce 
ce 
Le 
O€ 
62 
82d 
Le 
92 
S¢é 
v2 
ee 
2A 
Le 
0c 


96.6 


r 


RE 


St 67 
S.0f 
cROF 
82.01 
sv.or 
Ts.0t 
rotr 
SF ti 
O6.tt 


yee 


9.28 


ee 
0.98 
‘0 Ge 
0.28 


oases; . 
@.ROET 

, ~ eRe 
ANG - 
Ret 

~ @5per- 
o-se2t- 


139 


O2'l 00'¢eSlL ZEZS 8l St Lg 00 Ort OLb OLY O's98 8 


PLL 00'6S1 BESS LGHEN. Lg 00 OEL 0°0S 00S 0'€28 AL 
80'L 00'091 90°€S Zeol 8b 00 cZl OLY OLb OLLL gt 
SO'L 00°691L 906 S2'7Sl 28 0°0 6°OL OLP OLP OFOZ. St 
S60 00°6Z1 81 8h pS rl 67 00 OZLL GLb Sly 0'889 vl 
680 00°981L cv Sp ev el LS 00 OSL OEP Oey O'Eb9 1! 
v8'0 00'€6L LE Cv €S‘cl 6b 0'0 OLk OLY OLY 0'€09 cl 
6Z°0 00°00¢ SO'8€ Ep Lt Lg 00 OEL 0°0S 00S 0°69S LL 
tZ°0 00' rE? CES cS OL LG 00 VI? 0°0S 0°0S OELS OL 
$9°0 00°SSz2 69°8¢ v0'6 6c 00 9°S? 0°¢S 0°¢S 099% 6 
8S'0 00962 (SYAUAA 02 2 Cc 00 0'0€ 0°0S 00S OLLY 8 
LS‘O 00'8SE BL OL CLS Lal 00 py 9€ 0'Sb O'S OLLZE id 
940 OO PLY 66 S8'¢ Gk 00 9°6E 0°2S 0°¢S O LEE 9 
6€°0 0O0'OLS 00°0 00°0 00 = 00 00 O'OL 0782 S 
Ze'0 00'9Lb 00°0 00°0 0°0 =< 00 00 08+ O'”9¢ v 
620 00°S9E 00°0 00°0 00 = 00 00 GSv 0°902 € 
LZ'0 00°29¢ 00°0 00°0 00 = 0'0 00 0°0S O'S c 
€L°0 OO OrL 00'0 00°0 0°0 Sz 0'0 0'0 0°0S 0° v6 L 
00°0 00°0 00°0 00°0 00 cory 00 0°0 0'0 00 0 
(AdOH) = (Wd) (ful Nos %) (qIGo %) (Ewo/ewo)(Ewo/gwo) (% jon) (jw) (|W) (|W) 
ful ful Al@A0001 KjJeA0De! — — OH u! poid poid ful # 
A1OS SS3¥d AIOSWNO § LIgWno YOS HOM LIGSWNIOA OHONI GINISONI AOS WND AWAVS 
‘Bedy0'0LS = esnsseid sks| 6 0'erZ = eoed ul uewnig zwrig'd = Je}eM O} ey 
IWO'P8e = eWNIOA 1g V/N = yoed peeq ssej6 yA Ad %0°89 = uoljeinyes uewnig 
JU/IW OOE = Syey 6 o'sezs = yoed pues 1M %0'6E = Ajlsolod 


[uidep so %iL=dqg ‘%gz=d| ‘Beqy 000L=sSselq gO ‘ISO‘uoNoelu JUBAJOS SNONUNUOD ‘|| }epoy-] 
UNY 49ed snoeueGbowoH - » NAY YO4 AYOLSIH NOILONGOYd 


ble ATEVL 


te? 
a 


2.28 


50. Ssf 


6. > 


Bear enna e 


4 a - 
ea lad 
i 
ite 


mf a : 
4 
ee 
cf 
4 


140 


vL'e 00°96 8Z'08 EL've pst 00 L'9 0'00L 0'O0L o'Ss9¢2 «CE 
c0'€ 06°66 6S 62 68 '€€ 6 9L 0°0 9S 0°26 0°26 OLSLCm Ss 
68°¢ 00°00L 98°82 CLE 691 0°0 9S 0 62 062 0S802 LE 
8h'C 00°ZOL SE9ZL S8 0€ Ocl 00 te Orr OvY OO6ZL O€ 
Cv OO'OLL 8b SZ 8E 0€ c6 00 86 O'L6E O'L6E OZSE EGG 
O6'L OO'FLL S802 80°S¢ Oral! 00 (EU o0Ss . 0°0S OrZEL 82 
ys OO LdeL €6'69 pS ve Ocl 0°0 LL 0'€6 0°€6 O' 96S tae? 
Eze: 00 rel 80°89 SS €¢ vy OL 00 88 O'SY 0S O9ECL 92 
Sol 00'relL GL°L9 00°€2 c6 0°0 86 0°0S 0'0S O'C6LL Se 
6S°1 OO0'rel L6°S9 Ame c6 00 86 S'S S 8 O9PLL v2 
cSt OO'LEL €9''9 LOL? c6 00 86 08 08 OLOLL €2 
9b'L 00'8EL ve eg LOL? c8 00 6OL 0°0S 0°0S OSSOL ce 
Or lL 00'8EL 9LL9 92°02 c6 00 8°6 O'vS O'vS OO LO Laie 
cel OO'8EL GlL'09 €S'6l Z£g 0°0 O'EL SSY SSb 0°9S6 0c 
Ke |! OO'LEL LZ°8S LZ°8l vot 0'0 88 0 297 OE OCL6 6L 
(AdOH) (2qx) (ful Ajos %) (dIgO%) (Ewo/ewo)(EWo/ewWo)  (% Jon) (|W) (jw) (jw) 
ful ful Aieaooes Aienooes — — OH u! pod poid ful # 
AOS SS3Y¥d AIOSWNO LIGWNOd HOS YOM LIGSWNIOA OHONI GINISONI ATOSWNO JIdWvS 


[dep SO %LL=dd ‘%8e=d] ‘BEY 000L=sselq GO ‘ISO‘UOHelU| JUeAJOg snonuNUOD ‘Il lEPOW] 
UNY y9Bq SNoeueBoWOH - pL NNY HOI AYOLSIH NOILONGOYd 


(GQSNNILNOOD) +198 JTGVL 


ee “yng 
gee © eer 


86, es 
32 es 
bess 


an.ay 86.02 


sre 088 “8.08 STKE 


or 


- - - wos 


ae ee ah 
eee eR ON. 98.8%... 87.8e- 
eee ee ee ee 


“3.08 


— ae 
{9160 tf cenovemal teams) Sani 


at cra 


He 


14] 


Ia 00°68 LS’9S 88'Sl eS L'O O'9L 0'6P 0'0S 0'8€8 7é | 
Sia 00'%6 88° PS OL PL Se LO OA 0'Or O'lp 0'88Z sil 
oll 00°86 v9'ES BE El Cae 20 Oe 24 OLb 0 6r O'8rl Sl 
SOL 00°901 Z0°¢eS 69 LL ev v0 061 Spr Sly 0'c0l vl 
860 OO'LLL €S°0S Er Ol 97 ane) O'8L OLP 0°0S 0°¢S9 El 
06'0 0O0'€el S9'8P 9L'6 eS Z0 O'9L 0'SPr 00S 0°86S cl 
280 O0' rel prop 80'8 9'P 9°0 O'sL Ory 06 O'SbS LL 
vZ0 OO'OEL S8 eb 68°9 Lg Ol O'vl 0'SP OLS O'S6r OL 
99°0 00'OE1 92 OF S6'S Zg 80 O'EL Oly O'SP Oebr 6 
09'0 OO'6EL v6'SE SL’S LS OL OSL GS lp SLY 0 Z6E 8 
cS'0 00'StL 98°0€ lov 9b cil O'8sL . Glp SOS O'8re Z 
970 OO'PZL El’ b2 60°€ 9b BL O'8L O'8€ 00S 0'rOE 9 
80 00'rsl c9'9L ZO? Cae L'? S'€¢ SSE OES 0'rS2 S 
LEO 00°88 OE'Z c8'0 8c SS 9°9¢ S'0¢ SOS 0°90¢ v 
cc 0 00°c8l 00'0 00°0 0°0 = 00 0'0 0°0S 0'OSL € 
SLO 00°6S1 00°0 00°0 0°0 == 00 0'0 ' 0'OS 0°66 4 
20°0 00°89 00'0 00'0 00 =a 0'0 0'0 00S 06 L 
00°0 00°0 00°0 00°0 0°0 = 00 00 00 0'0 0 
(AdOH) (2d¥) (Iu) Njos %)  (4Igo ~%) (EWO/EWo)(EWo/EWo) (% |OA) (jw) (|w) (jw) 
ful fuy As@A090) Kienogoe) — _ OH u! pojd poid fur # 
AOS SS3Y¥d ATOSWNO Lig WNd YOS YOM = LIGSWNTIOA «(OH ON GINISONI ATOSWNO sAIdWwySs 
‘B&gy0'Z8l = einsseid 1g 6 0289 = eoe|d ul uewnyig cWS'S = J98}eEM 0} }JOy 
IWO'OSL = ewnjo, 1g O'CLE = yORd pee ssej6 yAq Ad %0°SZ = uoleinyes vewnyig 
4U/IW OOE = e}eYy 6 O'08Sp = yoed pues iy %0'9E€ = Ajlsosog 


[Udep SO ~SGE=dy ‘%pe=d) ‘BEgX OOSL=sselg go ‘ISO:UoNda[U] JUeAlog snonuNUDD ‘) lepo~] 
UNE J81EM WOOK - SL NY YO4 AYOLSIH NOILONGOYd 


St JISVL 


ry ' 


di iaboh) 


i pare _ eG 26 -= = yiecio% 
Ges vet ORK = ; poitewiee- nermusié © 
base m Nee ot bao 


Ps 9 
E t 
bs : 
—— . 5 
eee re.0. , 9o.8st 625 aBD > 5 
ra a i 9a] 60\pat 56.8% s6.9-° te: peor = EES O06... FE , $928 a 
E ga.o°° <Gobtr EFAS 20.6" a, <= .€' — 9. BSE Gs! e898 45 0 é 
S26 00.2aT 8,0 8.b ai a ST ay Oe a ai aoa . —o.aee ee 
geo ooecr.. MCE tz tz 0.1 a eee a ax 5 <ée a 
=~ 9a.6 06.96T aoe 9) Bee! v3 BO < O81. 5 0.1 cc 6.2 o.Ea6 ro 
Xx 09.06f 23.2 eg 18 ws 0.bt. OBR gu 5 oie. . CoS Gt 
cag. coest —“bhee = WA: a} SOs: - OBR oab SR Gene 33 
se.0 Oo.eSr = 20.86 ere £2 v0 o:8t a St 
seo O0.tTr ~ Sede £b,01 8.5 a0 0.8 G.vh gf - 0.08 ase er 
20.4 ov.o0r T0.se BRIT: ie $0 O.8f 2 bt at &.60% bf 
St. 90.88 03.62 at £7 Sk $2 3,48 0.47 0% 0.88% at 
ara 60.42 AG De Ove af iB. o.$s 0.6 Og.) 0.89% at 
a SSF a0 .88 1a.5¢ Bb.) Ec ae. 6.8! 0.8% — gar o8ta" | cf 


co | 


142 


eee 00'°8r 96°9Z by'9P 06 00 00 0'SP 0'Sp O'LZe2 Le 
Sze 00°6r 06°92 LL’S¢ el 00 O'2L 0'eSP O'rSp O'OLL2 oe 
OL'2 00°2S LS‘0L p9'Le L'9 LO O'rL S'6P 0°0S O'LOst 62 
€9°2 00'2S 66°69 09°9€ LS LO OSL O'9rE S 6rE O'SSZI 82 
60°2 00°6S Zl°Z9 Z8'8z el LO O'zL OLb SLY 0'26E1 Lz 
Loe 00°6S vy'99 L6°LZ Lg LO O'eL 0°66 0°001 O'Prel 92 
98°L 0019 Lo’S9 v0'92 Lg LO O'eL 0'0S SOs O'LpeL SZ 
8Z'L 00'e9 02’ ¥9 L0°S2 LS LO O'S 0'0S S'0S O68 1 ve 
OL'L 00°S9 SP'e9 b6'E? eb Ba, 0'6L S'8b 0'6r O'9ELL €z 
€9'L 00°29 SL'29 99°22 6b LO O'LL S 6Y 0'0S 09801 ee 
SSL OO 88°19 O€'l2 es LO 0'9L S'8b 0'6r O°SEOL L2 
8b'L 00°eZ 28°09 pl'0z 6'P LO OZ SBP 0'6r 0°986 02 
Lol 00°SZ LS'6S 06'81 Or 00 0°02 Ses O'rS 0°06 6 
€e'L 00°78 S2'8S Oe'Zt 9" LO 0st Ses oes 0°288 8 
(AdDH) (Bdy) (ful alos %) (gqiIgO%) (EWo/EWD)(EWo/EWo)  (% Jor) (jw) (jw) (|W) 

ful fut A1eaooes Asenooe) — =. OH u! poid poid ful # 
A10S SS3Y¥d AIOSWNO  LIGWNO HOS HOM = LIGSWNIOA OHON! GINTISONI ATOSWND 3WAVS 


[uidep SO %S8=dd ‘%pE=di ‘Begy OOSL=sseld GO ‘ISO‘UONOelU) JUEAJOg snonUIUOD ‘11 JePoy]) 
UNY JeIeAA WOHOg - SL NNY YO4 AHYOLSIH NOILONGOYd 


(GSNNILNOO) SIA JIGVL 


opt. CORRS TERE = SBT 


+f 


; ag.8 90.88 oe AN hae 


os oe 
os = ee 
ya BS 
Re 
: th Z 
if Te 
Ree Wee 
. ta 
<= 
"2 


2 
£5 


2.8 


fener. 
O4AS! 


> O:beET - 


@:588r: 


a ee Bs 


143 


Oph 00'°9r ELL eee Z'601 ve OL SSP 0'0S 0°206 Bl 
€e'L 00°Lr pe'69 Sl'2 0°66 is OL S'8y 0'0S 0198 it 
Seb 00°6r Sb'Z9 LO? 0°86 Ly OL 0'8P 0'0S O's 91 
BL it 00°0S 6€°S9 00°2 8°b6 el Ol 0'9r S'6P O'Z9Z Sl 
PES Ores €€'€9 €6'1 0°66 WA OL 0'9r S'6P 0'02Z vl 
v0'L 00'%S 80°19 S8't 0°66 6€ ol 01S 0'€S 0229 el 
96'0 00°SS L8°LS 8Z'1 0°66 Gl Ol S'9P 00S 0229 et 
88°0 029s 69'S OL'L 0°66 68 Ol S'0S 0'SS Ors Pe 
08'0 00°6S 9S'0S €9'L 06 9°S 0% 0'Sp 00S 0'zes Ol 
€2'0 00°29 6L'9r 6r'L €°2e 0S oe O'er 0'0S 0'9LP 6 
99°0 00°S9 erly 621 €°2E L'9 oe ose 0'SP 0'0€r 8 
09°0 0802 co 98 LLL O're S'S O'r O'lr 0°0S 0'06€ Z 
€S'0 Oc LZ vS'6c 98°0 €°2e 9°Sz oe 0'0€ oes O'SPE 9 
Sv'0 00'28 89're ZZ'0 €2e Lvs oe ssl S'8P 0°S62 S 
8€'0 O02 LZ €l'e7 79'0 eel €0€ OL SOL SLs 0'8rz 
0€'0 00°92 90°02 9b'0 eel v'9l OZ Sez SOS 0°26 € 
z2'0 02°69 Ole 020 eel ve OL O'6L SLs 0'9rl Zz 
vl'0 00°ZS 00°0 00°0 00 _ 00 00 0'0S 0°06 L 
00°0 00°0 00°0 00°0 00 _ 00 00 0'0 00 0 

(AdOH) (dy) (Iul aos %) (gigO%) (Ewo/gwo) (gwo/ewo) (% 0A) (jw) (jw) (jw) 

ful ful Alenooes Aienooes _ _— OH ul poid poid ful # 

A10S SS3ud AIOSWNO LIGWNO HOS HOM = =LIGSWNIOA ~OHONI §=GINISONI ATOSWNO Jq1dWvys 

‘BeYyy0'ZS = einsseld 19 6 0'699 = eoejd ul UewN}g cwre, = JeyeM 0} joy 

IW 0°06 = eWNIOA Ig 6 0'8gg = yoed peeq ssej6 1", %0°6S = uoljeinyes uewnyig 

Ju/JW OO€ = eVey 5 0'0SSp = yoed pues 1M %0'Ov = Ajlsosog 


[dep SO %pE=dy ‘%Gg=d)‘zwrpz=mey ‘o's=muyqy ‘Bed OSbe = einsseid go ‘ISO ‘II jepow ] 
UONENEUG I18M $0 19643 - 9L NNH HOS AYOLSIH NOILONGOYd 


9t@ JIEVL 


’ 1 ph aRO0> = ¢isaro 
> “wae noitauites manutd 
Sint = net: of Hes 


(im) (ita) * i 


I 
cee en. OD ) 
tae 0.08 t 
B48 O.abt, S 
B02 6,ter £- 
era OBS - 
= @2h  d2@s z 
2 ee ee 
3.0 3,0% $508 ryt 048 —~ 2 Oe > OF 0.08 BORE t 
gao. 00.28 6875 *~ eS} est" 2-418 ag- 082 “02 O68 8 
5.0  oose ‘et .ab Qh. EE pe. Oe 2 DA -te 0.83% @ 
06.0 06.¢8 © 82.08 6a. 08 ger" as “O.gb- 0.08 Ste or 
88.0 68.82 88.82 - Ov. 000 > ae... OF) Ste Bae O.4F2 tt 
22.0 00.22 8.2 7 y ‘+ > Sem > - Gap oas0 °° (St 
wor - 06.48 a0.78 28. 0.¢e 2.2 ee ar ps 9.858 et 


q 


www eT 
© 
% 
¥ & ‘ 
o 
© 
a 


‘tt oe Se £6.63 te . / eee 9.08% ef 
ar.t G0,0¢ ee.26 oe 6.se ex O82. -SSh- BRE 2. T3t et 

a 26.1 00 es 2b.3 tS) 0.68 i+: > ae Rb * @58 pare Bi 
ad ; O0.cb $6.08 21s 0.68 ‘ec . ° afi O92 ras C1 
oo .on erry oe i c.e6 RE -BF— - -*aek ae J 6.5 eT 


144 


082 00'9¢ 0€'98 6S =— — OL 0'6Y 0'6Y 0'0z8l Le 
SLY 00°9€ S7'S8 6S'€ L'€0z 00 OL 0001 0001 O'S8Zl oe 
6S'2 08'se LLZ'¢8 LS'€ 0661 00 OL 0°002 0002 06291 62 
6c'2 09'Ze 92°28 9€'€ SLY S'0 Ol 0°26 0°86 O'Z8¢l 82 
plz 09'8e SOLS S0'€ 0001 OL OL 0°86 0°66 0'26EL lg 
66'1 02'6E SL'6L 062 2 S‘0 Ol Sb 0'SP O'€6e1 92 
26" 00'0r 80°62 SL'2 GZtl LL Ol SOS 01S 0'6rel Sz 
p3'l 00'Zp 66'S 892 0°26 OL OnE S 6Y 0°0S O'96L1 v2 
FER 09'er pS'LL 09°2 0°66 OL Ol S'6Y 0°0S O'9PLI €z2 
OL't 00°€r 92°92 €S'2 0001 On O- 0'0S S0S O'LOLL ze 
Z9'l 08'er €0°SZ Sv'z 0°ZOL OL Ol S'LS 02S 0'eSol L2 
ysl 09'br p8'el Le@ 0°86 OL O1 OLS SLs 0'LOOL 02 
Ly't 09°SP Lee o¢e'2 €°S8 62 OL O'ry S'St 0'1S6 61 
(AdOH) (Edy) (ful alos %) (gqigo%) (gwo/gwWo)(ewWo/ewo) (2% Joa) (|W) (jw) (jw) 
ful ful Aienooe1 Kieaooes = _ OH UI pod pod ful # 
A10S SSdud ATOSWNOD LIGWNO HOS HOM LIGSWNIOA OHON! GINTISONI ATOSWNO JIdWvS 


[uidep SO %pE=dg ‘%SGg=d|‘zwrpz=mey ‘o°s=mU/qu ‘Bed OSE = eunsseid gO ‘ISO ‘II lepo- ] 
UONENOUS |19M JO 1989 - 91 NNY HOS AHOLSIH NOILONGOYd 


(GQSNNILNOO) 919 JIGVL 


soe 


eee tight Oe 


ee a0 i6 Cennens noi en Way im | thm: Nea nll 


385 8S OR | Be = Re 


is 
“vy 


145 


S) aa 
6E'L 
Leh 
Eel 
Sir 
80'L 
00° 
c6'0 
v8'0 
L£L‘0 
69°0 
¢9'0 
vS'0 
Lv'0 
6€°0 
0€'0 
02'0 
og oe) 
00°0 


(AdDH) 
ful 


A10S 


00'lb 
00'E€r 
Over 
08'Ep 
Ob br 
OL'Sb 
00°9F 
09°8b 
00°6h 
09°0S 
09°0S 
09°SS 
02°8S 
O0v'09 
00°29 
08'eS 
09°6€ 
00'er 
00°0 


(2qy) 
fuy 


cv eg 
96°19 
6709 
L£S°8S 
Lp9s 
8E°0S 
ES ls 
9¢°8b 
9S'PYy 
L9°OP 
cl Se 
LE'6?e 
CEC? 
89°cl 
00°0 
00°0 
00°0 
00°0 
00°0 


(fu ajos %) 


€S'6 
816 
c8'8 
bys 
vel 
LEZ 
6S'9 
€0°9 
ess 
8b Pb 
€S'€ 
vS'¢ 
e€Z't 
68°0 
00°0 
00°0 
00°0 
00°0 
00°0 


Aieaooes Kieaone! 
SS3ud AIOSWNO LIGWNo 


‘6eqy40'29 = einsseid 1g 
IW O'She = ewWNIOA Iq 
4U/JW OOE = e}eYy 


O'6L 
061 
061 
Sit 
06 
cel 
cel 
cel 
Eg 
L9 
Z9g 
EL 
EL 
L9 
0°0 
00 
0°0 
0°0 
0°0 


YOS 


(dIGO %) (Ewo/Egwo) (Ewo/Egwo) 


YOM 


6 0 6~9 = eoejd ul UewNg 
5 0062 = yoed peeq ssei6 1M 
5 o'80Sp = yoed pues 1M 


0S 
0S 
0°S 
08 
O'OL 
OL 
OL 
OL 
O'rL 
O'EL 
O'eL 
Oct 
O'el 
O'elL 
0°0 
0°0 
0°0 
0°0 
0°0 


(% JOA) 
OH u! 


LIGSWNIOA =OHONI 


Sep 
0'9P 
S Lb 
O'Lb 
0'9P 
O'LP 
00S 
Sb 
O'Lb 
0'9F 
08h 
OEY 
Orr 
Oey 
0°0 
0°0 
0°0 
0°0 
0°0 


(jw) 
pod 


O'SP 
oly 
0°0S 
S'6P 
0°0S 
0°0S 
0O'eS 
S'8P 
S‘0S 
0°0S 
0’€S 
00S 
00S 
SLS 
SbY 
00S 
0°0S 
0°0S 
00 


(|W) 
poid 


0'026 SI 
0'SZ8 Zt 
0'’z8 91 
Or Sl 
OL2L vl 
0°8Z9 om 
0229 Zt 
OLS LL 
0°0€S OL 
0'28r 6 
0'9Er 8 
0'8sE Z 
O'lbe 9 
0°S6z S 
0'Sbz v 
0681 € 
0621 Zz 
0°28 L 
0'0 0 
(jw) 

[uy # 


CIMNAONI ATIOSWND AWwWYS 


cwng| = se}eM oO} Hex 


%*IS = uUOl}esnjes uEBWN}Ig 


%6E = Ajlsolod 


[uidep So %Sg=dy ‘ %PE=d) ‘cunpZ=Mey ‘O'S=MU/AY ‘ISO ‘Beqy OSpe=eunsseid go ‘IL lepo-] 
UONENEUGd |18M 40 1989 - ZL NNY HOS AYOLSIH NOILONGOYd 


Z'8 318VvL 


Hevea? 


a. 
c 


+: FER: teasien (mA se Mim) 


90.0 
30.0 


aon: 
06.0 - 


90.9 
83.0 
evr 
és 
sak 
gb.e 
e228 
cus 


G22 
¢ 
1 


o* 


4 


¥/ 


er Sae 


-< eae 


7 


Ano mow 


j 


i i 


146 


95° 028 Ol'LZ SO'Sl O'6L S‘0 O'S OPP O'S O'SLOL Ze 
Acid Ors €8'SZ OL"FL 0'6L ‘0 0's 0°95 o'ZS 0°Z8S1 Le 
€r'z 09'8E LUSZ 92°F 0'6L €'0 0's 0°6S 0°09 0'OESL o€ 
ce’ 09°8¢€ 68'rZ 6L'EL 061 +0 O'S 0'6Y 00S O'LOPL 6Z 
92'2 08'se Z9'€L Orel O61 0 0's 0'6 0°0S O'€zrL 8Z 
8L'2 09's L62Z LO'eL 061 0 O'S S'LS Ses O'eZeL hee 
60°¢ 09°6€ BL ZZ L9O'ZL 0'6L ‘0 O'S S'6Y S'0S O'6LEL 92 
Lo’ 08'6€ BELL Loz 0'6L 9'0 0's S'0S 0'2s o'89eL Sz 
€6'L 00°0r LEO L8LL 061 8'0 O'S 08 00S O'8leL bz 
98°1 00°0r 0€'69 Ep bt 0'6L 8'0 0's O'S 0°0S OLLLL €z% 
LLL 00°0r €9°89 SO'LL 0'61 v0 0's SOS SLs O'OLLL Ze 
691 Ov OF se'Z9 S90 061 0 0's 0'6r 0°0S 0°9901 Lz 
LOL 080 L099 92°0L 0'6L ef O'S Sly 0'0S O'ZLOL 0z 
€S'I 00'LP €8'r9 88°6 0°61 L0 0's O'S SOP 0°996 61 
(AdOH) = (Bd) (ful alos %)  (qigo %) (EWo/Ewo)(Ewo/gwo) (2% Joa) (]w) (jw) (|W) 
ful ful Aiea0oe1 Asenooes — _— OH ul pod poid [uy # 
A10S SS3ud AIOSWNO LIGWNO YOS YOM = LIGSWNIOA OHON! GINTSONI ATOSWND Ads 


[dep SO %SE=dY ‘ %bE=d) ‘zWrpz=mey ‘O'S=mY/AY ‘ISO ‘Beqy OSpe=eunsseid go ‘I Jepow] 
VONENEUCd I19M 40 19613 - ZL NNY HOS AHOLSIH NOILONGOud 


(G3NNILNOO) Zt9 FEV 


met 


resr, = ° 


d 


owt. 22 > Se 


“4 


“Serer 


~ 


4 


Petr 


147 


JOJEM ae) 00'L evil Oc Lb 87°9S 9b°S 0c 0'9F 0'6r 0°896 8l 


AJOS i) 00'L 9€°1 0z'€S 816 Ze Or 0'8r O'S 0126 Lt 
AJOS LO 680 92°71 02'rsS Z6'LP 70'S 0'8 Orb 0'6r 0'LS8 91 
A|OS LO 780 6L'L 08'S 69'br es Or S bP S'6P 0°'”08 Sl 
AlOS 9°0 SL'0 Shek Or'ss 9b Lb 6S'€ 09 Ove 0'SsS O'SSZ vl 
AJOS 09 99°0 €0'L 00'0S L6°6€ 62° OLE OL 0'6P 0°69 el 
AJOS 8b Z4S°0 v6'0 00're 9S'br Sle O'eL S'8 0'6r O'vEe9 rz 
1e}eM s‘9 6r'0 98°0 00'rz 8S'6P Loe 0°02 09 0'Sr 008s LL 
Je}eM ss 6r'0 62'0 08°Sz vl 8p 78'z O'vL 08 02s o'9€S OL 
JE}eM Oe 60 ZZ'0 00'8z L0'9¢ 19°% O'eL O'eL 02s 0'68¢ 6 
1E}eM Z0 6r'0 S90 00'e€ 99 er oye o's Sl 0'6r 0'6Er 8 
Je}eM Z'0 6r'0 8S°0 00'Lr 8Z'0€ LL2 06 Sly 0°0S 0'S6E Z 
AJOS z0 6r'0 60 00'Sr Ly'6L 9S'1 08 Wa> 0'SP O'zeEe 9 
AJOS €°0 €v'0 €b'0 09'6¢ 8r'Ol Sick 0°02 OBE - sOS 0°06z S 
AlOS — Se'0 Se'0 Ores 00°0 00°0 00 00 Sev o'sEz v 
A|OS — 82'0 820 Ov'0S 00°0 00°0 0°0 0'0 00S 0'261 € 
AJOS — 020 02°0 02 bY 00°0 00°0 00 00 0'0S O'ZEL Z 
AJOS — ZL‘ A) 02'SE 000 00°0 00 00 S'6Y 0'8Z L 
A|OS — 00°0 0 0 0 0 0°0 00 00 0'0 0) 
(edh}) (gwoyewo) (AqoH) (AdOH) (eq) (Jul ajos %) (dIGO %) (% JOA) (jw) (jw) (jw) 

ful — ful ful fur Ai@Ao0de1 Aienooes OH ul poid poid fur # 


GInld = =YOHM AOS aimi4 SSdud AIOSWND LIGWNO Lig AWNIOA OHONI GINISONI diml4wno JidAWvsS 


‘Bey peg = einsseld 19g 6 0969 = eoed uw uewniig cwnz | = seyem 0} ox 
IW OBES = ewWnjoA 1g 6 O'GLZ = yoed peeq sse6 1M *6S = uolwesnjes uewnjig 
4U/\W OO = eyeY 6 O'61LSp = yoed pues IM %S'6E = Ayisosog 


[Uidep SO %Gg=dy ‘ %bE=d) ‘cwilpz=mey ‘O'S=Mu/qy ‘uNY BIS eidninn ‘Beqy OSpe=einsseid go ‘|| jepoy] 
UnY WeA|os Bujeuery seem - 8L NY HOS AHOLSIH NoILondoud 


818 FIEVL 


 yIOeMD TEMES BLOM 


Sieh ee : a Ss yqpvener peveoes Sani 


é: _ oy onsite en ye ae sede EY et ~ tien) me 
ee, eee - a. 4 = aa ote 45> 00, “07 6 > 
Sa ae -_ 0° 110 «ee 000 5 “00 - += 82 “en = Sere OS : 

——— ——- _ ge’? ogee ooo = oo. 2 6,02 acer. 8 F: 
= “. af wee eo: = 68° oo 008  o.ser 2 
Ze a Reo: CEG + Gb.ce 0) ene oe Oe Be. 08S ;* 
ee ee ee ee op.@> BR aT re Ce B08 0.08 
. vie = = S.0 SR.0 es «=O. mers BA axe - 022 8 SPE 3 
jeaw = SO Gb.o 20 oOTR | Bie the 1 ee Cog - oz Se = 
; ‘ticw 80 OG EE ck et a ee ee % 
soaW Ge _O4O Sf.0 - 00.88 10.8% - ee cs we 8 , re 
iin WY é2 ab.o- «BY. 08.2S oT:BS Mas Re, BE ae 0.868: or — — 


wisW «= a8 22.0 g8.6- 00.88 g2.2+ oe 2 Oe CR Gee > gama > ort 
yio8 «BF 12.0 30.0 80.4 aa. be btb> ~~: oe? ope 
viod 938 20.5 Eo ooo2 ° eee 23.6: 4? -B4 9 oO. S80. f 

vind 8,0 ayo: Str 6p. 22 aba> wee. os - Ge * 0.22% at 
bee vice r.0 $2.6 tf 0§.6¢ 0a. $b $e 
{i- viok r5 28.5 @s.f Sac Se th \ 

vio rod Gt Be.f o¢.€e Ry 2t cf 
Weis ¥¥ 78 00 eb.! as. ga $2 a 


oe 

¥ 
ec 
* 
2 
—e) 
or 
o 
~? 
& 
. 


148 


JOJeM Cv Zyl LOK 00'SE O€'LZZ 98°9 OV O'OL 0'¢S O'V9OZl ve 
JOJEM Lg LON: 9S? 00'6€ Ce OZ 08'9 OL OZ 0°¢S O'SIZL (2133 
JOJEM LO Lyall Lye 09'Sb SO bl ZLZL9 Ol O'S 0°0S O'cZ9L Al 
JOVEN, xe) Ova Orc 00'bS 8L'OZ LZ9 OL O'8r 0°¢S O're9sl L€ 
AlOS LO Eval 3 ir 08'09 LeS9 ¢9'°9 Ol 0'9b 0°0S O'rZSl O€ 
AlOS xe) Ov'l Scc 00'L9 61° P9 Zs'9 OL OLb S 6 O'ecSl 62 
AlOS xe) Cel BL? 02°19 by'c9 0S'9 OL -S'0S 0'SS O'rlrl 82 
AlOS 9°0 Se'l OL? Or'lg 9€'09 ov'9 0'S 0'0€ 0'6r O'22rl Le 
AlOS 8'y St 20% 00'€S Leg 02'9 OxEL S’°8 S’6h O'E9EL 92 
A|OS L’9 80'L €6'L 00°ZE c0'S9 90'°9 O'OL SL S'€S 0'90€1 SZ 
JOJEM v9 00'L S8'L 02°92 €b'69 S6'S 09 OL 0°eS 0'0SeL 2 
JEJE M 8°9 00'L 6Z'L 09°22 S¢'89 68'S 09 S‘9 S°0S O'elel ce 
JOJEM 08 OO'L at 00°62 ¥S'Z9 €8'S O'S O'S O'Stb O'ESLL Co 
JEIEM . Biz 00'L pol 08 0€ 78°99 08'S Or O'eL 0°0S O'60LL Ld 
JEJE M 8? 00'L Zs‘ 08'€e 86'P9 ZLl’S (Os O'EL 0°0S O'E90l 02 
JEJE M LO 00'L OS‘ 02 Or LL°E9 99°S Oe 0'9r OLS O'9LOL 61 
(edA1) (Ewoyewo) (AdOH)  (AgoH) (Edy) (ful alos %) (dIGO%) — (% Joa) (|W) (|W) (}w) 

ful — [uy ful ful As@A000) Kjeaooe) OH u! pod pod ful # 


QInlg =~=YOHM A10S gins SS3Yud =AIOSWND LIGWND LIGSWNIOA OHONI CINTA ON! AINIAWND 3IWdWVS 


[Uidep SO ~mSGE=dy ' %HE=dI ‘cwrlpz=mey ‘O'S=My/Qy ‘UNY BnISg eldilinw ‘6eqy OSPE=eNsseid gO ‘|| jepo~) 
UNY IUeArjog Buneuelly JeVeAA - 8k NOY HOS AYOLSIH NOILONGOYd 


(GSNNILNOO) 818 F1aVL 


Sea poe fone 
fim). iets Bn pati eee 


: ee ee ae 


O.£f >, 


O° 9,28. 
se $8. 8.02 


»7 | coe? ere (08 os ett a > eee 
= an; —-eS.F 5 Gr s osta-  BE.08 Pasig 2 ee oy a - “Oe. > Oe wet it 
Ss a fa) OR. Oh ee ORO ee oR Oe ONE BE as 
_ - j =" *yioc. ‘ ee Obit ass ' 06.2867 OT 4S -. # <a;8 : %r 3 Stee. Leb. ieee 
2 > “yes r.0 Tht ee.5 08.08 th2a MO $f <> 0.8.02 -- 0 oa 
= Ssetsw 0 vet © OFS O62 BF.0Y: (8°. at em, OBR, O80 ORE 
a sete Shr = NaS _— OBER a9 (.. Ba ee Babe . 
-* yes is mf ke. ‘00.82 ceot. =~ oe gate est - 
qajew- Sho NES ag ose. 0bAS 3 SOS ee = 
b ; P 
~~ —s 


149 


AJOS LL°O L6'0 vel Ov 28 SO'Ep Bie eck 0'9F O'S 0928 Bl 


AlOS 6L'0 780 92°1 Or'S6 L9°6E 92° AeA 0'€r O1S 0928 Zt 
A|OS 612 92'0 Sit 00°86 00°9€ 9° 6'EL SS S'6Y O'9LZ 91 
AJOS 0S'6 89°0 OL'L 09°28 9p'ZE ele S'8 0's S 2s Oe Sl 
AJOS 00'rL 6S'0 Lo'l 09°2S €0'%p LO'€ S'8 se S'2S 0°299 vl 
UNS %L 00° LS‘O €6'0 02'Se OS'Lp Z0'€ S's 0's 0'Or O'LL el 
UNS %L ss ROL LS'0 28'0 Or be €L'9r 96°2 S'8 Sy SS OLS Al 
UNS %L = Egg LS‘0 08°0 08're 68'bP 06°2 S'°8 09 OL 0'€2S LL 
UNS %L BLL ome) €L'0 08'9¢ po ey zee ¢'°8 0'8L 00S 0'8Lr OL 
UNS %L ~—s pL 0 LS‘0 99°0 09'2r oe'se 6S'°2 ss 0'SP StS O'Ler 6 
UNS %L = 9k 0 LS‘ 8S'0 0S '6¢ €6'SZ 00°2 L6 Sep S'0S O'18e 8 
A|OS 70 Ls‘ LO 00°€S rly 9e'l 0°91 Sz S lz O'eee L 
AJOS 8r'0 90 9r'0 02'9S ¢2'6 180 6S see S 6Y 0'Ssoe 9 
AlOS — 860 860 02°Ss 00°0 00°0 00 00. 0'0€ 0'2Sz S 
AJOS =— €€'0 €€'0 02'SS 000 00°0 00 00 S 6Y o'Slz 
AJOS _ S20 Sz'0 08'6r 00°0 00'0 00 0°0 0°0S 0'291 € 
AJOS — LL‘0 Lt'0 02'Sr 00°0 000 00 00 S'0S OLE Zz 
AJOS — 60'0 60'0 ose 00°0 00°0 00 0°0 0°0S 0'6S L 
AJOS = 00°0 00°0 00°0 00°0 000 00 00 00 00 0 
(edA}) (gwo/gwo) (AdOH) (AdOH) (dy) (ful ajos %) (dIgO %) (% OA) (jw) (jw) (jw) 
ful _— fut fur fur Aseaooes Aleaooes OH u! poid poid ful # 


agains YOHM A10$S gains SSdud =AIOSWND LIGWND LIGSWNIOA OHONI GINIZONI GINTISWNO SqTdWvS 


‘Beg 2°¢g = einsseid 1q 6 0'929 = e0e|d ul Uewng cw’, = seyem oO} ey 
IW 0'2S% = ewWNIOA Ig 5 0'S08 = yoed peeq sseib 1M %8S = uoljeinjes vewnylg 
JU/W OOE = 9yeYy 6 O'peSp = yOed pues 1M %bv'6E = Aylsolod 


[uidep SO %S8=dd ‘ %bE=d) ‘gwripz=mey ‘o's=my/qy ‘uNY Big eldiiInW ‘Begy OSpEe=eunsse:d gO ‘Il lepow]) 
UNY JUEAJOS BuljeUey|y jUeDeEYLNS %0'L - 6L NOY HO4 AYOLSIH NOILONGOYd 


61@ FIEVL 


i fa 


wou. a gam {5180.9 se 


‘a Sm eb.0 
‘ Fig = 


Bh.0 


60 
86.0 —,. 


84.0 
fé.0 
a0 
84.9 
£i.6 
03,0 
yao 
£2.49 
rot 
Of.f 
Sr.t 
asf 
| 


ft 


o8.0" 


es 
* 06.25 


05.e> 
0%-22 


OS.4¢ 


65.8¢ 
00.2@ 
0c_er 
08.S> 


oa ke 


08 .#€ 


DS. bE. 


O$.2€ 
o8.Se 
06.58 
05.88 
Ob 28 


—_ 
+ Pa ee 


00,0 - ~ 
09. 
_ D8, 
= 2.6 - 
v0.0, 


00.0 


es: 


by ar 
£2.25 
of.8t 
£5.66 
Ch aa 
£T 26 
Ge.Na 
va 5h 


a¢ Se 


60.88 
'O.8€ 
ee a 


60:0 
96.0 
00.0 


R62 
00.0 - 
ea 
feo" .- 


ss 
60.5 


225 


Set 
ces 


eS - 


cf 
~*~. 2 
“~ 
BYLG 


ar o 
os. > 
rT? 2 


8G —)° Oa. 
» $2°-- 4°02 


on > 0.0 


- 08 © 09-~ 


ao 0 -COP 


7. eon. 
oof = - eRe. 
Te ‘Ble. 


sh . fe 


ae | Sar 


aa7 6.8 
il ot 
a8 G2 
2:8 - 32 
as G2 
eet -éet 
gsr... bf 
S.St _ Bae 


= 
7 


Ses + oo 2° 


“ 


150 


UNS Wleevce cs er" Sz 00°28 LEeL Spb ZO O'S 0'8sS 06991 ve 
UNS %L 00'S €r'h Ly'z 00°68 - §9'0L LV Z OL 06 Ors O'61L9L €€ 
NS %lL LZ0 er" l 862 00°22 62'69 €0'LL LOL O'@p O'1S O'6SSL ze 
UNS %L 90°0 er" 0E'2 00°28 92°S9 60 JED) 0'8r O'S 0'60SL Le 
AJOS 80°0 er'l add 08'r8 v0'L9 CoGee 8692 Sor 00S O'6SrL o€ 
AJOS 20°0 9E°L Slz 02°16 0S'6S 626 €'8 SSP 02s O'LLPL 62 
A|OS 20 62'L 80°Z 00°26 SSS L9°8 SZ O'S 0°0S O'P9EL 82 
A|OS 620 An LO'Caes0C OLE 20°9S Lez OLE 0°8z 0°0S O'SLEL Ze 
AJOS 96'2 PLL €6'1 Or'60L Lp'9s pel 66 GZ S'6b O'Z9z1 92 
AlOS Seve 90°L 98°1 02°16 y8°8S 9L'Z 66 oz SOS O'LL2L Sz 
“NS %L. . 68'S} 86'0 8Z'L 02°89 Ze'e9g El'Z 66 oe SOS O'99LL v2 
HNS %L = z6'9 86'0 OL'L 00°S9 08'z9 80°L 66 s‘9 Sts OSIM = ez 
HNS %L  gg'L 86'0 Z9'h Ov'eg 68°19 86'9 66 0°02 01S 0'S901 ze 
UNS %L ~=—-« 00 86'0 SSL 02°29 OL'6S 89°9 9 0'Sr 0'6r O'SLOL Lz 
UNS %L g0'0 86'0 lyk 0262 LS'2S p29 78 0'€r Sor 0°296 02 
AlOS 60'0 86'0 Lek 00°28 Sv Or 02'S 78 0'9r 0'0S 0°€26 61 
(edA}) (ewosgwo) (AqoH) (AdOH) (@qy) = (Jul ajos %) (dIGO%) — (% Jon) (jw) (jw) (|W) 
ful — “ful fur ful Ai@N0901 Kieanooes OH ul poid poid ful # 


ginig YOHM A10S gins SS3ud AIOSWND LIGWNO 1LIg AWNIOA OHONI § GINIZONI GiINTgWno AIdWVS 


[dep SO Sg’=dy ‘ pe-o=dy ‘cWipZ=Mey ‘O'S=MU/qY ‘uNY BnIS eldninw ‘6eqy oSpe=einsseid go ‘Il lepoy] 
UNY Werjog BunjeUseyy jUeIeJINS %0"L - BL NAH YO4 AYOLSIH NOILONGOYd 


(GSNNILNOO) 618 J1aVL 


$& 


151 


AlOS 
AlOS 
A|OS 
A|OS 
A|OS 
AlOS 
A|OS 
UNS %l" 
UNS %l" 
UNS %l" 
UNS %l" 
A|OS 
AlOS 
A|OS 
A|OS 
A|OS 
AlOS 
A|OS 
AlOS 


(ed A}) 
ful 
aims 


60°0 Ell Zyl 
ol) SO'L Ort 
LL’O 86'0 cel 
60°0 06°0 bel 
Z0°9 L8°0 Seat 
c6'9 cZ0 ZO'L 
OS'Z €9°0 460 
vere 9S°0 L6°0 
29°0 9S°0 62°0 
og ae) 9S°0 cL0 
ra Se) 9S°0 ¢9°0 
€l 0 9S°0 9S'°0 
6c°0 LS’0 LS’0 


= €v'0 €v'0 
= S€0 SE0 
waa £e'0 £20 
al 0c0. 020 
sag ra ae) ra a) 
es 00°0 00°0 


(€W2/EWS) (AdOH) (AddH) 
= ful ful 


YOHM A1IOS ding 


‘Bed 0'Z9 = einsseid 1g 
IW O'S2e = EWNIOA Ig 
JU/|W OOE = e}eYy 


O2'lsS 
Ov'esS 
08'bS 
Oc ZS 
00°¢S 
08'6P 
O8'Eb 
00°62 
Oc le 
0c°LE 
OV Eb 
0c 6h 
O8'lsS 
00°29 
00°2S 
Ov'Ss 
Os'Zs 
00°02 
00°0 


(Bq) 
ful 


SS3Yd 


L9°¢S 
€6 6b 
L6°9P 
C8 eb 
O€ Or 
es ep 
Ll 6 
O€'€S 
S6'8P 
00'lPy 
92°62 
OS’ZI 
eS tt 
00°0 
00°0 
00°0 
00°0 
00°0 
00°0 


08'S 
LES 
ce 
90°F 
Lee 
€l€ 
Loe 
062 
O0L°¢ 
8b'C 
SO0°¢ 
9s'l 
SZ°0 
00°0 
00°0 
00°0 
00°0 
00°0 
00°0 


(ful alos %) (qIGO %) 
As@node)s Kseaooes 


NIOSWND LIGWND LIGSWNIOA OHONI 


6 o'7g9 = eoejd ul uewnig 
5 o'8e6 = yoed pee ssei6 1A 
5 O'Lepy = yoed pues 1M 


6S 
Lok: 
omels 
LOL 
Zeb 
“tt 
Let 
LH 
9'F 
L’9 
OL 
OLZI 
elt 
00 
0°0 
0°0 
00 
00 
0°0 


(% |OA) 
OH u! 


O'9P 
S'9F 
OLY 
SLY 
Siz 
s9 
0°9 
O'L1 
0°0€ 
0'SY 
SSP 
S'0€ 
Scr 
00 
00 
0°0 
0°0 
0°0 
0°0 


(}wW) 
pod 


0°0S 
OLS 
0°¢eS 
0°eS 
O'€S 
SLs 
OLS 
SSZ 
0°0S 
OLS 
OLS 
SVE 
0°SS 
0°0S 
0'SS 
0°0S 
0°0S 
0°0S 
00 


(|w) 
poid 


0'St6 BI 
0°68 By 
0'6r8 91 
0262 Sl 
O'erl yh 
0°S89 EL 
0'€29 Zh 
028s LL 
0°80S OL 
0'29r 6 
O'OlP 8 
0'09€ Z 
Ww aA> 9 
0°SZz S 
0'S2z 
O'OL1 € 
OrEr zZ 
Or L 
00 0 
(jw) 

ful # 


GINIZ ONI| GINISWND AWdAvS 


TW9'G = JEyEM 0} Jey 


%E'1L9 = uoesnyes UewNg 


%S LE = Ajisosod 


[dep SO %SGE=dq ‘ %pE=d} ‘zWrpz=mey ‘O'S=mu/qy ‘uny BIS eidiinw ‘Beqy OSpEe=einsseid gO ‘|| Jepoy)] 
Uny Uer|og Buea jUReLNS %1'0 - OZ NAY HO4 AHOLSIH NOILONGOud 


Ocd JTEVL 


SS 
2 § oquty 


on 


al 


; | borg 
iv tim). ttm} 
‘9s =. 00 Oe 
£9 > 69" -<0.02 


oo — | 20 6.08 


- 2.0 3a 9.62 
32> 4-20 . .222- 
8 oo "owe 
ett Sn BAe 
‘OS —- 898° £2 


65 A Oe 


i. aes 2 Oe. 


—_— 


ga 6a6° ome 


" 


ES > OR = BN 


at en ? ae . 
7. a 7é 
rt 2k ~F uze- 


- et xn” ase 


z.0t Gtk 88. 
oa ea 272 
2°. Oar - B62" 


152 


WINS %|° Or'2 69'1 CLig 08°82 6L'6Z 28°01 8" 0S 01S O'PPlt ve 
NS %L" 00'L 69° 99°2 02°62 Ly sZ 9Z'0L 8" 0'S2 00S O'ZOL €€ 
UNS %l" 90°0 69'L 8S'2 00°Or L292 2S‘0L vy O'rS ozs 0'Ss9l Ze 
NS %t" +00 69'L 6b'e 00'9¢ OS LZ 0201 ep 0'SS WA 0'86S1 Le 
AJOS 90°0 69° Lez 00'S €9°99 €8'6 €'S 0'8P ols O'LPSl o€ 
AJOS 80°0 Lo"L veZ 00°SS 9b'S9 by'6 v9 S'9P 0'0S 0° Z6r1 62 
AJOS 90'0 eS‘ S22 Ov'9S 6b'P9 268 89 0'8r OLS O'SPrl 82 
A|jOS 90°0 Stk 8L°Z 02°8S Lo’e9 9b'8 EL “SOP S'6P 0'Z6E1 Le 
AJOS Le'e 8e'l OL'2 0219 SS'L9 €6°Z S's O'eL 09S O'6rEL 92 
A|OS eel 621 Lo'2 00'0S L9°¢9 9S°Z ssl 0'9 0'0S 00621 Se 
AJOS 92'r raul €6'1 00'er 0€'89 6E'Z S'8l S'6 0'0S 0'6ezl vz 
AJOS Oe'r Cit S8'l 00°22 SO'2Z ied SB 0'OL 02s O'88tL €z 
UNS %L° LS‘2 oa a 8Z'L 08'8z 2602 289 LZ O'rL 0'0S O'SELL rAd 
NS %lL" ZZ'0 ELL OL'L 00°0€ ZL'69 29°9 6'P 0°62 0°0S 06801 LZ 
NS %L" 80'0 ELL €9'1 Over Le'sg Sv'9 9" 02s 0'9S O'Lr0L 02 
NS %L" 60°0 ete SS'k Or Or Sv'8S 20°9 O'r O'rr 0'8r 0'L66 61 
(edA}) (gwoygwo) (AgoH) (AdOH) = (Bg) ~— (ful ajos %) (dIdO%) — (% Jon) (|W) (|W) (|W) 
[uy —_ fu fur ful A18A0901 Alenode! OH ul pod pod ful # 


dims YOHM A1lOS aim4 SSaud AIOSWND LIGWNO LIg AWNIOA OHONI § GINISONI GiINT4Wwno TWAS 


[dep SO %SGe=dy ‘ ~pE=d} ‘TwWibe=Mey ‘O'G=mU/qy ‘unYy Brig eiduinW ‘Begy OSpE=einsseid go ‘|! Jepoy] 
UNY WeAlos Buyeuseyiy ue|eLINg %L'O - OZ NNY HO4 AYOLSIH NOILONGOYd 


0cd FEV 


ay 
4 


~ 
i = 


2.82 
f623- = 
*” $160 
“= ge0S~ 


sae 


OHLai, 


nem 
i 
2a 
q AG peal rs 


borg 


‘kick wetidu WaraboeR 
uF gut eleptiMt, eu ‘Ochiemugeerg 80, tt jobohs} 


5 16 SMUIOY" ere “QUA 
: Sor > 


(im) 


= : : dae? = 
0.32 
“9.02 


ila S¥ule 


le 


itt 


al 


4 


- 
ate 


ee 
we 


sae aRe 


= 


BERBS 


5S 


APPENDIX C 
PRODUCTION HISTORY OF ALL RUNS IN GRAPHICAL FORM 


AM 
A Laan, 


eer 


MOG JAMRTARO Mi! BAUA LAO THOT MOITOU 


154 


SOLVENT RECOVERY 


02 


OV 


09 


08 


"uny 49eq SnoauaHowoH - | NNH YO4 AYOLSIH NOILONGOHd :19 aYNSIs 


AdOH - G3ALOSCNI LNSA1OS 


LO > S°? 0°? S 


O © 
bP Nie! 
p-oO | a 
a 
a fe (dIGO%) ‘991 uawnyiq wny 
eL'¢h 


%0S="d ‘%OS="| ‘UU/W OOE = eIeYy 
‘L'SZ= “s‘l-6€= 0 ‘ISO ‘| lEPOW 


ce 96 


Vv’ 


V' 


“h 


O°L 
% OA) ‘2u0d uaWN}ig 


s*0 


(e@qy) ssaud ‘fu 


() 
1 


i 


(Iu ajose%) ‘981 JUaAJOS WIND oA 


v-V. 
V—V7 


V 


ov 


woe ve ve 


OL 


02 


0€ 


AYNSSAYd NOILOSPNI ‘AY3AO03HY N3SWNLIE 


EHODACLION HISLOMA LOU BNM J - HOWOSeUeENe Geer HN 


e 
- 


GRRE C4 


BOT ASML MIECLED - HCBA 


punmEN vECOAEBA: 


4 


2, rae 
va ; d 


. ve 
“ ir 
4 


bUEZANUE 
3 Se 


‘a 


Te 


; 


155 


SOLVENT RECOVERY 


"uny 4984 SnoauaHowoH - Z NNY HO4 AYOLSIH NOILONGOUYd :zD AYNDIA 


AdOH - G3ALOSrNI LNSATOS 


(dIgO%) ‘991 uewnjiq wng 
ed 8’St (% JOA) ‘Quod UeWNIg 


%09="d ‘%O9="1 ‘U/W OOE = e1eY (2gy) sseud ‘fu 


‘9°SZ= “s‘ge= 0 ‘ISO ‘| JEPOW 


(uj AjoS%) ‘98s JUaAJOS WIND 


yo 
ee aoe] 


88°c6 


OV 


09 


08 


0O- 


OZ 


AYNSS3Yd NOILOSPNI ‘AYSAO03Y NSWNLIG 


eat 


x erty 


~ 
oe 


QBNECNA 5! 


es 


2 
- 


2 - HGbA 


HOM HIgLOwA LOH UNH 
SOrAGHt ME 


. & 
@ o 


i - 4 : ey oir , tee) | j 
a i 

PUNE BECOAEUA’ neciton cmt 

; i . if : ts ; a - nae ss hy 

| ar er a7 Petes 

F a wn - r \ ” 
é na - el Bre yn hi) 
ae 4 RI oka 
> q é a : am an ih any 


8 “SSOUYIIYL JOIEM WONOG JO 19949 - € NNY HOS AYOLSIH NOILONGOUd -€O AYNDIs 


AdOH - GALOANI LNSATOS 
o'e Sc 0°? SL O'L S°0 0°0 


O€ 
08 


0 : 
(% JOA) ‘oU0d UaWNHIg 0 
‘Ne w 
il c 
RU 
ape = 
02 CH z 
dIGO%) 98/ uawnjiq wng 

> : ov 

ao \/ 
TT, AdOH L2'°0® Q 
> a aa; 1q jueajos oO 
gs %09="d ‘%09=1 ‘“IU/W COE = e1eYy = 
ir jwipe= “°y ‘zp="y/%y ‘g'zg = os Ss) 
oc ‘9°8E=4 ‘ISO ‘1 ePOW G, ze 
Io 0% 5 
Z ra = 
S 09 ({uy Ajos%) ‘991 juaajos wing / ps 
FS) YO-0~6 = 
O~D—-O~O Oo 
no On~D So 
v 
v 
m 
7) 
o 
Ee 
D 
m 


(egy) sseud ‘fu 


Hane ct! BEODACLION HIZIOUA BOR BNW 


9 = EMSC! G1 BOHOW MBs jpiCKUSes gy 


~s, 


Pa 


a 


KEL WIECLED - HObA 


g 


a 


un 0 Ge 4 


sunncit NECOAEHA, amecuion puEeanwe 


y oD | 
® we) Rat oy 
7 ’ J a ie hw 
vn ; 4 j 
Ne A ri ‘ Brine : | 
* 1s i ; a Veh £ 
=s TO uke 
vee es - * *% in : 
y) + cj = | 
- | , ne 
: a ol i i a! 


i~ 


ip “SSOUAIIYL J9}EM WO}Og JO 399149 - » NNH HO4 AYOLSIH NOILONGOUd *7D AYNYIA 


ro 


AdOH - GALOSLNI LNSA10S 
Oe S°c 0°? S‘k 


: 0 
@ 
+ 
CHI = 
CH OHH = 
02 (% OA) ‘2U0D UaNIg z 
> (dIdO%) ‘981 uawnyig wn ots 
O-O-—O-O 

17 O O-O—O () OOD O 5 
S - 
OV mi 
a (2g) ssaud ‘fu 0z s 
i é 

Ww 
> 09 %09 ="d‘%09 =4 ‘UUW OO = eleY A & 
Oo utp = “*y ‘g'9 = “Y/*Y ‘peg = 9s SY re) 
vd ‘L6E = > ‘ISO ‘I lePOW = 
O€ - 
08 mm 
Vee - 
_-vy-v-V—y-V @ 

Vuqy—-V—-V—-V—V-V 

ee = 


«5 
mG 
ony 


{wicKUSGe2” 


6+ bHObAC HON HIGLOUA LOH unm ¢ - Elect oO; RorOW Mere 


SOrARME IECAED - HOBA 


‘hepa 
fase 
Pe : 


Ap i 


ve A 
b 7 i 


= 3 
+ ee 


ad 


158 


“SSOUMIIYL J0}eM WOHOG JO 19949 - G NNY HOS AYOLSIH NOILONGOYd "SO AYNDIA 


AdOH - G3ALOSNI LN3SA1OS 


%09 =" ‘%09 =I ‘U/W COE = eIeY 
guiipe = “*y ‘ort = “Uy ‘Ad %8'9€ = “s 
‘9°6E = 6 ‘ISO ‘| |ePOW 


iT aa 


SZ 


09 
LL°O9 


LO 35 S°? 0°? GL O°L S°0 0°0 
$0 (dig0%) ‘98! uawnyg wn 5 
¢ 
See 2 ee AdOH $9°0® = 
OL 1g 1Wenjos 0 ¢ = 
SOS @ © S = 
s in 

Leb 

o 02 (egy) ssad ‘fu. ore 
> < 
5 AdOH 10'e® a 
uw o¢ Bd 9 = 
a St 
E ({uj Ajos%) ‘9e1 JUaAjos WN 4A (¢% jo) ‘ouco vewnng z 
m 
Sa eA re) 
= at 
fe) 02 6 
7p) as za 
U0 
PY) 
m 
” 
” 
Cc 
y 
m 


0€ 


= 
- 


SOM HIBLOBA LOU NOH 2 - Enecs of ROHOW MsIEL LwICHUER 


” 
* 


“ 


* 
x 


e 


ne@ABE Ce 


“GOTAEML IMEGLED - HCbA 


@ bs vet 


Ar P 5 s : ; 
</ y f Pe i i i rat : 
BILE KECOAEMA: IME ei 
i iy ; ie Bae ” a 
5 PP i | i a 4 i 
: f \ : J . i‘ Pi Te aa 
AY: me ene 
in See No ty 
\ «. A ei et 
orn ; ' } ; ; 


q “SSOUDIYL 19}2M WONOY 40 19939 - 9 NNH HO4 AYOLSIH NOILONGOUd :99 aUNDIS 


{5 


AdOH - GALOSCNI LN3SA1OS 


G2 ef 
0 
2 
+ 
= 
HIT = 
: 1 4 
es (digO%) ‘981 uawnig wng 5 
(% JOA) ‘ou0d uawnyig / +8 Wverles m 
Ww 
= BdH LZ 3 
o Sf tI—O aan 
O—O—-O0-O—O—O m 
fc O-O—O—-O 
¥ ane O—O—O x 
Z 2 
if 09 %09 =“d ‘%09 =| “1U/|W OO€ = e1ey é 
a wipe = “"y ‘e's = “U/*Y ‘Ad %S'29 = “Ss O€ 3 
o ‘OLE = 0 ‘ISO ‘| |ePOW = 
79) 
z 
S VN ({uy Ajos%) ‘982 ua Ob A 
y-v-Vv— U] AJOS% Juaajos wng = 
TeV AV VV 
AcOH €® (egy) ssaid {uy = 
%S0'68 zi 


OOL ™ 


nee 


4G 
wu 


-_ 


el 
» 


HIGNKE Ce 


 puORRC LION HiZs0HA EOE unit @ - Elfect ©) Boliow AAs. LiicKReEd>’ 


COrAEh: IWIECIED = HCbA 


‘ez 
™ 


BULAWEN BE 
= ¢ 


se 
OOABWAY 


a, 


+ 
' an 
; q 2. if 


z 


ce 4 
a { 
ry Pree 
fy al 

an 7 Ps \ 


ae 


- 


=ee 


. ie : 7 
2 ¢ n p 4 
as . ia 7 i : 
a » 


f figl Pete 


- 
of 


ny 


Une 
. 


“se 


160 


SOLVENT RECOVERY 


0 


0c 


OV 


09 


08 


OOL 


“2 NNW HOS AYOLSIH NOILONGOUYd :Z9 SHNDIA 


AdOH - G3LOSrNI LNSATOS 
Oe > Se 0°? O°L 


a ees 
Srashieciebelee ten 
er" (d1g0%) ‘291 uawnyiq wn 


(% JOA) ‘U0d UBWNIIG 1g weno 


J 
eae = 


%09 = oa ‘%09 = 4 “AY/|W OO€ = = ie 
V el (Bq) sseld ‘fuy 


Me. a. q 
‘e 2% ‘081 JUBAJOS WND 


a = “W'@S = “UY ‘Ad %6'LL = °s 
‘SVE = % ‘ISD ‘| |EPOW 


OS 


AYNSS3Yd NOILOAPNI ‘AYSAO03Y NAWNLIG 


b 5 30 Verne ean 
% : i 


a, ait ie 
Che 


Ger 


JIOW HISLIOHA SOS BK s 


re 
‘“ 


SORAEMA IMECLED - HCbA 


161 


‘918Y $0 99H - 8 NNY YO4 AHOLSIH NOILONGOUd :89 AHNDIA 


AdOH - G3LD4SPNI LNSA1OS 


9° vl ch O°L 8°0 
0 
AdDHISIO 
ed 6L'Y 
AdOH 82°00 
02 a 1€ jueajog 
(% JOA) ‘QUOD UaWNIIg 
> ms 
ao AddHISI® (dIGO%) 281 uawnyig wn 
ul = %6'6 
5 Or AdOH 15°} ® 
x Fob bb 
wi 
oc 
> 
uw O09 ([uj ajos%) ‘9a) uaajos wNg 
a 
D wr 
g—Vv-v-V-V-VV-V 
0g SX %09 ="d‘%09 =| ‘syW Ss} = ereYy 
AdOH 1S'}® 2uitye = ““y ‘zg = “u/U ‘Ad %S'99 = 3s 
sees ‘Z°8E = 6 ‘ISO ‘I lepOW 
00} 


0c 


O€ 


OV 


OS 


AYNSS3Yd NOILOAPNI ‘AYSAO03SY NAWNLIG 


MORBE Gs: LHODACHION HIGLOHA LOU BNK 3 ~ EHeCH Ot BS 


S 


* 
* 


ED - ROCHA 


«he 


, SATE! 


ig 


<% d 


4°3 
C4) 


oe 


eae. 


hist tbe, N8M pue Ayjiqeaused 102K WOO Jo 1999 - 6 NNY HOS AYOLSIH NOILONGOUd :69 3HNDIS 


AdOH - GALOSPNI LNSA1OS 


3 s b € 4 1 
0 nytV. 0 

’ / w 

y Zl 

Ol = 

oz Mp [ul AlOS &,AdOH €S'e 3e HEM [ul puZz : Add oe m 

b&dXl6 ce y 

rc 52 02 a 

> Oo 

8 = 

Dy 

i Ov of 3 

oc 6 = 

= 

Z OV = 
uu 

> O Jv Q 

oll 09 =%4 ‘8b =?4) ‘KBr =}, “JU/|UU O0€ = ayey Qn, y/ ® 4 

* ry (2) Oo 

ES gunz = “*y ‘2s = “u/y ‘Ad %S'95 = 3s gra oS z 

‘Z'0v = 9 ‘ISO ‘I IEPOW g¥ Yb) ssaud ty = 

wt S nA m 

7) 

08 FT weet6 yvivv¥" é o 

F mae ({uj Ajos%) ‘das uanjos uN ~—Q = 

We %S9'S8 m1 


Lor VV YVVV-V-VV-VV ogee ALY 


. 


(ext Oy HOO AVGiSr EOUUCSPAA SUQ AAS [PIPLAST4 


(OW HIQZORA LOY HMR Oo - E 


G 
= 


SOP AEVA IMTECLED ~ HOBA 


163 


"JEAIBIUT [EM PUue Ajiqeawiag Ja}eM WONOG JO 39934 - OL NNH HO4 AHOJISIH 


SOLVENT RECOVERY 


AdOH - G4ALOSFNI LNSA1OS 


\ 


LES 


ed 90'rL ful AIOS S,AdDH 9S°¢ 
ve aM fu; puz 


%09 =T4 ‘%ey =24) ‘%gp =" 
‘IU/W OO = ey § wripz 

‘27S = “u/*y ‘nd %6'SS = 9s 

‘8'Ob = O'ISO ‘| JaPOW 


€ A L 


(% JOA) ‘oU0D UawNIIg 


/ 


bed vey LJ AdOH 9P'0 © 


1g JUeA|oS 


a 
ao (gigo%) 21 vawnyig wng 


NOILONGOYd :01D AYNDIA 


AYNSS3Yd NOILOSPNI ‘AYSAO03H NAWNLIG 


‘ 
4 eee 


of 


EDONKE. 


| bu 
we 


Ble 


- _ 
eye ; 
= rae te ee, 

ons = 
= oo - Si ce i es —— 
— ig pee ore. 
yy ee E- itie 2 
g < 
f a 


$ 
* 
? 
: 
f 
Ls 
*t 


| aa ee, 
WECOAEHA:. IMEC 


— FApOdSHO0GGIE0S ise 
ee ieee ae / =»  eewe ind bas aes 
pee OEE. cms op - Ind vied “S'VIOH_Ge.5 + - 


7 


+ = = et , he 4 rf : =" 
VOM - GaTaaiin Tees 


{ 


201. IYO Le 


= 


Asyv ae 


vein Reve bee yillideemee? sole Movie® Io fost - Ot MUR ROT YROTeIN HOM IaGer 


Ed! 


64 


AJ 


"Jeasajuy [aM Pue Ayyjiqeauiadg Jaye WONOg JO 3999 - LL NNY HOA AHOLSIH NOILONGOYd 7119 AYNODIA 


AdOH - GALOSFNI LNSATOS 


9 S v € c L 
0 1V/; 0 
a 
= 
Cc 
= 
m 
0c Pe 
Be) 
a G¢ m 
r 8 
a AdOH 10 © < 
[uy AlOS &,AdOH 69°E 1d juaalos m 
i OV ve Ham [uy puz 2 
ox wa 
© S 
0-0-0-000-0-OP 0.05 OOe ae / i 
- : OOO O =z 
Pa ed 76'8 Orn, O +01 = 
= %09 = ‘may =I ‘%Bp =") J XY fo) 
5 ve 1] “IU/W OOE= a1eY of = 
7) . A «wnt ooz = “"y , | S 
goes ‘2g = “u/*u ‘Ad %e'pS = 3s vi _ 
% 60°86 DOO ‘80h = o'ISO ‘1 POW W 2 
O e (@q4}) ssaid [uy m 
O 172) 
ue O % vE06 OD 
OV BY) 
OV mn 


SO 7 -VV-W-V: VV-V-V-V-V-V-V 


a \Ja\/ 


=?! 


Re 


nye 


i 


; a 


(MIECHOM BHEG? 


hw 


LNWEMBECOAEBA’ 


oi) 


: xr = : : i a ; \ op 
0 a ee oe ee et Beit ee le ee ane ee i eae me a 
e 2 ey; & eee t j 
VION - QSTOSLMI THSvIOe ~ Fs 


7 


Jevisint {sw eae yiiiideemied YetsW motled to tela - rs WUR AO’ YROTRM MGMOUGORS Tis SAUDI . 


$at 


165 


SOLVENT RECOVERY 


0c 


OV 


09 


08 


TEAL HAM JO 199$F - ZL NNH HOS AYOLSIH NOILONGOYd :z1D 3HNDIS 


AdOH - GALOANI LNSATOS 


Bad 
(% |OA) ‘OUD UaWN}Ig 


[ul] AdDH 80'E © %Z 


(dIGO%) ‘981 uawnyiq wng 
AdOH 8€°0 © 1g jUueAjOS 


rH 
HH 5 - 
% 09 =" '% Bp =""| 
% SBLL ‘y/W OOE= ereYy Sw pz = “"y 
‘2S = “Ys ‘Ad %2'1S ="s ‘Hp Ly = O1SO ‘I IEPOW 
O-O-O-O OOOXD 
~*9P09-0.0-.09-00090900-0006 if, 
O00 
ss 
ane kG [ul AdOH 80'E® &dy 19°62 Oo VY 
2 
V \ 
vo Q 
Vv 0 
vv O 
{ul AdDH 80°€ © % 2S'r8 vw O 


yw 


% 88°26 “yore? (Iu) AjoS%) ‘09d JUaAJOS WIND € 
Vv-V-V- (egy) ssaud ‘fy 
V, -V-V-V:V: V: : 


OL 


02 


0€ 


OV 


0S 


AYNSSAYd NOILOSPNI ‘AYSAO03Y NAWNLIG 


HIGRBE CIS 


cel 


< 
Mw 


Ot WELOBA KOU HAM 1S 


. 
- 


SOF AGEL | 


MIECLED - HOBA 


SWS WopAR 


166 


SOLVENT RECOVERY 


‘uny eseg jeaday jeAsajU] 119M JO 199439 - EL NNH HYO4 AHOLSIH NOILONGOUYd *€19 AHNDIA 


0c 


OV 


09 


08 


AdOH - GALOACNI LNSA1OS 
S] S v € c L 


Yl 
AdOH 19 © &d4 26 


ful AMOHZLEO%1 (% |OA) ‘OU0d uawN}Ig 


[U] AdOH 21 '€® eddy Z'8 
% ELL (dIGO%) ‘981 uawnyiq wng 


{U| AdOH 21 '€ © % 9EB 


(egy) ssaud ‘fu 


% 09 =" '% gp =!) ¥, 


{ 


4 
AdOH 1270 © 1g iUeAjOS 


v 


ats 


V 


[Ul AdOH 21 € © % L898 vv" 


V" 
% S226 VEN 
Noord aN 


Aaah ([uj Ajos%) “dad Juaajos WND 


“y/|w OOE= eyeYy ‘wari vz = ary 
y/*u ‘Ad 


”A 


%S'9S = °s ‘90 = O'1SO ‘| JEPOW 


0c 


0€ 


OV 


0S 


AYNSS3Yd NOILOAPNI ‘AYSAO03Y NAWNLIG 


RIGABE Ci7-- 


ool 


‘Elec! OF MSH wWetaw) WeresS, Hore yr 


ra 


“MELOUA LOW BIH 


OS FoF SS! HCEA 


o 


a - 


Si ket Se is HOSA 


t 


= 
an) 


2 3 
SRAM BECOARMA’ J 
suet 4 


4 
¢ 


“2 
a 
WiECLION 
= A ‘ j if 


< 


+ he 


167 


INJECTION PRESSURE - kPag 


OOL 


002 


00€ 


00r 


00S 


‘uny 49e8q SnosueHowoH - vl NNY HOS AYOLSIH NOILONGOUd ‘PLO JHNDIS 


AdOH - GALOSNI LNSA10S 
Oe Se 0°? SL O'L S°0 


(% |0A) ‘Quod uawnyig 


Z0'E © % 68'EL (dIGO%) ‘981 uawNyiq wD 


(@qy) ssaud ‘fu 


{U| SAAGOH ZO'E Ie % 6S'6Z 


Wdep SO % IZ =" % 82 =| 
‘Edy OOO! = SSOlgq GO ‘U/W OOE= Bey 


‘Ad %0'°89 = °s ‘O'6E = 0 ‘ISO ‘I J|EPOW 


0c 


OV 


09 


08 


OOoL 


% - AMSAOQOSY LNASAIOS 8 NAWNLIE 


DUA HON BI I - HOWoTeRIONS pcp pnw 


= 
= 


LIGNE GH SBOORTHON Hiz 


ao 
4 
oe 


\2.. ae 
& « ul 
8 a) = Hg: 
‘ a St ae 
v? rd Bt j 


“ED * HObA 
| 3o.: 


| oO © : 
© Le , ae al ge 


4 © 


rr) ie 
MAEM © SOTACHL BECOAEBA~.2° 


; : a 
; 
na 
* 4 a - iy, 
rp ; oe = A _ 
a , x = ; 
; eo ae ‘ 
gat eee 
ons \ an 
tyke. ; at i tants 
; es 
b. , ' a if ; ia ; L Ae : 7 
id 1] 
7 a : 


“unY 481eM WONOg - St NNY YO4 AYOLSIH NOILONGOYd :S19 AHNDIS 


168 


AdOH - GALOACNI LN3SA1OS 
O'e St 0°? S*L O'l S°0 0°0 


i=) 
Ww) 


AdOH S2'€ © Edy 6P 


OOL 


Beene AdOH 220 © 
GCE O%LL Sp Lq@ jueanjos 


[Ul SAdOH S2'€ Ie % 6'9L z 


V' 
———— 
i 


(fu! AjOS %) ‘day JUaAOS WIND 


INJECTION PRESSURE - kPa 


udep SO % $8 ="q '% ve =" 
‘Edy OOSL = SSOlq GO ‘JU/JW OOE= e1eY 
suite = 4 ‘Ad %0'SZ = °s ‘O'9E = 6 ‘ISO ‘Il |EPOW 


002 


% - AHAZAOOSY LNSAIOS % NAWNLIE 


MERE Or EOMNCHON We1OwA LOU YAK 


e2 HOE PAIS jyetu" 


3 
4 


SGrASRA WIECLED * HODA 


| BHAWEM & BOFABUE 
i e in 


io 


bi 
— 


y “ay 4 
ry, Z ; 
~ 
WEROAELA - 3 
ae ob es ~ f 
Val a 3s All Le. 
ae | e 
a! * 
nae ; i Mes ie gt ; vi. 
7 Ly 7 thd a7 ' >a 
a <2 Wh Da y es 
? if nay - = 
j oe » me 
. tg eee 
ao cade a MU ao | 
» é 
2 way = 
aT 1 | f 


169 


SOLVENT RECOVERY & INJECTION PRESSURE 


0c 


OV 


09 


08 


OOL 


"UONeIAUad [19M JO Jay 


4d - 9t NNY HO4 AYOLSIH NOILONGOYd 7919 JAHYNDIS 


AdOH - G3LOSPNI LNSA1OS 
SL O°L s°0 


Sic. 0°? 


[Ul SAdOH 65°7 © % IS'€ 


(dIdO%) ‘981 uawnyig wn S 
CO—O uf 
O (9) C) ‘a 
ONS Jf AdOH 10 
AdOH 65° © &d¥ 8'SE O-O-O-5 ae rf ® 1@ lwueajos 
© 
O° wi 
~O~9 vA 
/ 
vo 
f : vv Q 
(ul AjoS%) ‘da JUaA|OS WIND ou A 
8 
[ul SAdOH 69°2 © % LL'v8 aa (egy) ssaig fu 
QbQ OF 
vv 
eens CD 
TN perma == ae os ="y /"y ‘udep SO % ve ="d ‘% Se =| 


cA 


(% |OA) ‘Quod uawiNyig 


‘Ed¥OSVE = SSA1q GO ‘JU/W OOE= e1eY 
2uMpz = "4 ‘Ad %0'6S = 9S ‘O'Ob = 6 ‘ISO ‘II EPO 


0°0 


V+—Vr 0 


OL 


SI 


02 


Sc 


0€ 


% - AWSAOQOSY NAWNLIG 


HGABE ese BHDURCLION HIZiOvwA 20 BAH FF * ERSCE 5} Mme Peuetiagow 


at 


GOT ABH WTECLED ~ HCbA 


i 


/ 


573 RObA. "6 
} 


i han) 
% " 
5 
% 


f ’ mp A 


4 SULOWEN'S 


5 


is 


wg rn 


, 


io® - 
; ») 
os 
4 aa oy 
- on 
ff a - t 
7) Pee S 
ty oe 
4 ry 
pei al 
. 


nt a 7 co 
oh ; = ae ” 


ie 


Ps 


; Cogs 7 
were 
tin , * 
: re i 
er = ye oe To, 
: ive 
pete hh i 
so \e- 
at 
‘ y 4 


170 


SOLVENT RECOVERY & INJECTION PRESSURE 


0c 


OV 


09 


08 


OO-L 


“UONENBUSd [19M JO 39939 - ZL NNY HOS AYOLSIH NOILONGOUYd :Z1D AHNDIA 


AdOH - GALOSPNI LNSATOS 
S°? 0°? S‘l 


Se (dIdO%) 08) uawnyiq wn 


Ad9OH 99°2 © &dy 2'8E 


[Ul SAGOH 99°% © % LLL 


(% JOA) ‘Quod uawNyIg 


Ol s°0 


(2g) ssalq fuy AdOH 6£°0 
® 1@ 1ueAjos 


o's ="y /"y ‘dep So % se ="q ‘% be =" 
"ed4OSPE = SSO1q GO ‘IY/JW OOE= e1eY 
zutlpz = “H ‘Ad %0'9S = “s ‘0'6E = 4 ‘ISO ‘II IPPON 


0°0 


Y—-V—V-V'—yr 0 


OL 


St 


02 


Gc 


O€ 


% - AYZAOOSY NAWNLIG 


a 
a 
vib» 


BEODACIION HIZLOBA EOU HAH JA ~ Biecr oO; met BeversHow 


"ARME WIFECAED - HOBA 


‘8 


2 _ © bd 


a (age 


4. BILNAEA 


~ tt B Bast a i, 4 | rT 


$4 


,,) 
f 
ye 


' a 
ey 
+h 
} 
a + 5 
Wy + - ray é 
, \ o - 
; ' Mag ee 9 z é 
AS piri a v i 
, , -. a] ‘ c 
; - + Tel an 
7. ela : 
7 4 ‘ Ati i : 1 Y i 
‘ee : Sol “i ni 
: ws d "7 


171 


SOLVENT RECOVERY & INJECTION PRESSURE 
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SOLVENT RECOVERY & INJECTION PRESSURE 
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SOLVENT RECOVERY & INJECTION PRESSURE 
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APPENDIX D 
VOLUMETRIC BALANCE PLOTS 
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APPENDIX E 
COMPUTER LISTING, SAMPLE SIMULATION DATA AND OUTPUT 


SETS 
This Appendix contains data sets for a homogeneous as well as a bottom water simulation 
run. An output for the produced bitumen concentration and recovery, solvent recovery and 
production rate as well as a partial output indicating the saturations, concentrations, etc. for 
the grids per time step. 
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IMPLICIT REAL*8 (A-H,O-Z) 


CEE EEE EK 88 EE KBB BB BB BEEBE BB BB BB BBE BB BBE BBLBB BERR 
REEEEEEEEEEER 


PMI ONION AM OMAN AAMAOAMNABANAMNAAAI AI OASIS OIC 


QAO 


CREATED BY : MUSTAFA OGUZTORELI 
DEPT. OF MINERAL ENGINEERING 
UNIVERSITY OF ALBERTA 


REVISED JANUARY 1990 BY MUSTAFA OGUZTORELI AND ANAR MURIJI 


PROGRAM 'LCHFIV' CALCULATES THE CONCENTRATION 

AND SATURATION DISTRIBUTIONS FOR A TWO-DIMENSIONAL 
LEACHING OF A SOLID OIL-PHASE IMMERSED IN A STREAMING 
INCOMPRESSIBLE FLOW FIELD BOUNDED WITHIN A FINITE 
POROUS REGION 


THE SOLID PHASE CONSISTS OF SPHERICAL BITUMEN PELLETS 
CONFINED TO THE PORES OF THE MEDIUM AND ARE 
SUBJECT TO RADIAL DIFFUSION OF SOLVENT (DIFFUSING SPECIES) 


THE LIQUID STREAM IS SUBJECT TO CONVECTIVE-DIFFUSION 
WITH A SINK TERM TO ACCOUNT FOR SOLVENT ACCUMULATION 
INTO THE SOLID PHASE 


'LCHFIV' SOLVES A SYSTEM OF COUPLED EQUATIONS 
(DIFFERENTIAL - INTEGRO-DIFFERENTIAL ) TO EQUATE 
THE SOLVENT CONCENTRAION IN THE FREE STREAM AND 
THE RELATIVE VOLUMES OF LIQUID AND SOLID PHASES 


'LCHFIV' INCORPORATES OGUZTORELI'S T.C.P. METHOD 
TO DISCRETIZE THE CONVECTIVE-DIFFUSION EQN. 
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INPUT ON DEVICES 5 AND 1 


PRINTOUT ON DEVICES 6 AND 2 
OUTPUT FOR PLOTTING PROGRAM ON DEVICE 3 


RUNNING SEQUENCE : 


Ora Mra ra Hh ra 


$R LCHFIV.OB 1=LCHDAT.00 2=LCHSIM.00 3=LCHPLT.00 


DATA FILE STRUCTURE : 


NX,NY, GRID DIMENSIONS 
NX : NUMBER OF X-INTERVALS 
NY : NUMBER OF Y-INTERVALS 


NI,NJ,NIO,NJO, MATRIX INPUT/OUTPUT PARAMETERS 
NI: NUMBER OF ELEMENTS PER INPUT LINE 
(NIL.LE.NX+1) 
NJ : NUMBER OF INTPUT LINES PER MATRIX 
(NJ.LE.NY+1) 
NIO : OUTPUT EVERY NIO'TH X-ELEMENT 
NJO : OUTPUT EVERY NJO'TH Y-ELEMENT 


LEN, WID,DZ, PHYSICAL DIMENSIONS (cm) 
LEN : LENGTH 
WID : WIDTH 
DZ : THICKNESS 


MUO,MUS, FLUID VISCOSITIES (cp) 
MUO : OIL VISCOSITY 
MUS : SOLVENT VISCOSITY 


RHOO,RHOS, FLUID DENSITIES (gm/cc) 
RHOO : OIL DENSITY 
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€ RHOS : SOLVENT DENSITY 


€ 

C HGT ?MATRIX (NX,NY)? HEIGHT MATRIX (cm) 

S; ( NI ELEMENTS PER INPUT LINE ) 

C 

C KX ?MATRIX (NX,NY)? X- PERMEABILITY MATRIX (Darcy) 
Se ( NI ELEMENTS PER INPUT LINE ) 

c 

C KY ?MATRIX (NX,NY)? Y- PERMEABITILTY MATRIX (Darcy) 
(2 ( NI ELEMENTS PER INPUT LINE ) 

e 

C PHI ?7MATRIX (NX,NY)? POROSITY MATRIX 

Cc ( NI ELEMENTS PER INPUT LINE ) 

Cc 


C DO,FRF,SIGMA,DPAR,ALFAL,ALFAT, DIFFUSION PARAMETERS 
DO :MOLECULAR DIFFUSION COEF (cm**2/sec) 
FRF : FORMATION RESISTIVITY FACTOR 

SIGMA : PACKING INHOMOGENEITY FACTOR 
DPAR : PARTCLE DIAMATER (cm) 

ALFAL : LONGTITUDINAL PARAMETER (ALFAL=.5) 
ALFAT : TRANSVERSE PARAMETER (ALFAT=.0157) 


RSTO,CST,DSOL,BETAO, SPHERICAL PELLET PARAMETERS 
RSTO : INITIAL SPHERE RADIUS (cm) 
CST : CRITICAL CONCENTRATION 
DSOL : SOLID DIFFUSION COEF (cm**2/sec) 
BETAO : MASS TRANSFER COEF (cm/sec) 


CO 7MATRIX (NX,NY)? INITIAL CONCENTRAION MATRIX 
( NI ELEMENTS PER INPUT LINE ) 


SAT ?7MATRIX (NX,NY)? INITIAL SATURATION MATRIX 
( NI ELEMENTS PER INPUT LINE ) 


ANAAANAARAAARAARAAAAAARAKA|AC SO 


@NSPEC, SPECIFIED NUMBER OF SOURCE/SINK 'S 
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C 


C ISPEC ?MATRIX (NX,NY)? SOURCE/SINK LOCATION MATRIX 
( NI ELEMENTS PER INPUT LINE ) 

ISPEC=0 : NOSOURCE/SINK 

ISPEC=1_ —: 1'ST SOURCE/SINK 

ISPEC=2  : 2"ND SOURCE/SINK 

ISPEC=NSPEC : LAST SOURCE/SINK 


INOUT ?MATRIX (NSPEC,1)? SOURCE/SINK IDENTIFICATION MATRIX 
( NI ELEMENTS PER INPUT LINE ) 
INOUT=1 : SOURCE 
INOUT=-1 : SINK 


CSPEC ?MATRIX (NSPEC,1)? CONCENTRATION SPECIFICATION MATRIX 
( NI ELEMENTS PER INPUT LINE ) 
SOURCE : SPECIFIES INJECTED CONCENTRATIONS 
SINK : ARBITRARY (SET CSPEC==0.) 


PIN,POUT, PRESSURES (psi) 
PIN : INLET (SOURCE) PRESSURE (INITIAL GUESS), 
POUT : OUTLET (SINK) PRESSURE 


DIFFUSIVE SOURCE RESISTIVITY FACTOR 
ALFA=0. : BOUNDARY IMPERMEABLE TO DIFFUSIVE FLUX 
ALFA=1. : NO RESISTANCE TO DIFFUSIVE FLUX 
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C MAXIT,IMAX, MAXIT: MAXIMUM NUMBER OF ITERATIONS 
c IMAX : UPPER MAXIMUM INDEX FOR SUMMATION 
C 

C BIG,TINY,SMALL,TOL,STOL, BIG : COMPUTATIONALLY LARGE 
NUMBER 

c TINY : COMPUTATIONALLY VERY SMALL NUMBER 


C SMALL : COMPUTATIONALLY SMALL NUMBER 
G TOL : COMPUTATIONAL TOLERANCE 
© STOL : COMPUTATIONAL SUM TOLERANCE 
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CEE EEE EEE EB EB BES KBE BE8B 88 B28 8B B88 BBB BL81 88 88 8B BBL 88288 
REEEE EE EE 
C 
CCCCCCC OOOOOOO MMMMMMM MMMMMMM OOOOOOO NNNNNNN 
C 
COMMON /NGRD/ NX,NY,NA,NAMNX,NA2,NA2P1,MOD1 
COMMON /COEF/ B,D,E,F,H,Q 
COMMON /D4MP/ D4,1D4 
COMMON /IOPAR/ NI,NJ,NIO,NJO,MI,MJ 


DIMENSION MOD1(500) 

DIMENSION B(500),D(500),E(500),F(500),H(500),Q(500) 

INTEGER D4(500),ID4(500) 
Cc 
CCCCCCC OOOOOOO MMMMMMM MMMMMMM OOOOOOO NNNNNNN 
€ 

REAL*8 KX,KY,KX0,KY0,KPHI 

REAL*8 MU,MUO,MUS,LNMUO,NMUS 

REAL*8 LEN,NSPH 


DIMENSION AX(500),A Y(500),VB(500) 

DIMENSION IJXP(500), ITY P(500),XM(500), IJ YM(500) 
DIMENSION PSPEC(500),CSPEC(500),ISPEC(500), INOUT(500) 
DIMENSION KX(500),K Y(500),KX0(500),K Y0(500) 
DIMENSION PHIMTX(500),PHI(500) 

DIMENSION PN(500),HGT(500) 

DIMENSION MU(500),RHO(500) 

DIMENSION TX(500), TY (500) 

DIMENSION TXRHO(500),TYRHO(500) 

DIMENSION CN(500),CNP1(500) 

DIMENSION RHON(500),RHONP1(500) 

DIMENSION PHIN(500),PHINP1(500) 

DIMENSION UX(500),UY(500),UXI1J(500), UYIJ(500) 
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DIMENSION DXX(500),DY Y(500),DXX1J(500),D Y YIJ(500) 


DIMENSION U(500), THETA(500) 

DIMENSION CRSX(500),CRSY(500) 

DIMENSION XNC(500), YNC(500) 

DIMENSION RST(20000),CONV (500), IFLG 1 (500),IFLG2(500) 
DIMENSION NSPH(500),BETA(500),ADS(500) 
DIMENSION F1(500),FN(500),FNP1(500) 
DIMENSION COS2(500),SIN2(500),COSIN(500) 
DIMENSION W1(500),W2(500) 

DIMENSION CM(S00),M(50) 

DIMENSION CNHLF(500),RSTHLF(500),SAT(500) 
DIMENSION TAU(500) 


DATA GRAV,COEFF /9.81D0,14.7D0/ 


PI=2.D0*DARSIN(1.D0) 


FORMAT(‘1’) 
FORMAT(4I5) 
FORMAT(6G19.6) 
FORMAT(21G16.6) 
FORMAT(/LENGTH (cm) =',G15.4,/ 
1 WIDTH (cm) =',G15.4,/ 
2 _, "THICK. (cm) =',G15.4) 
FORMAT(/, OIL VISCOSITY (cp) =',G15.4,/ 
1 SOL VISCOSITY (cp) =',G15.4) 
FORMAT(,,'OIL DENSITY (gm/cc) =',G15.4,/ 
1. ,'SOL DENSITY (gm/cc) =',G15.4) 
FORMAT(/,,MOLECULAR DIFF COEF (cm**2/sec) =',G15.4, 
1 _/,,FORMATION RESISTIVITY FACTOR =',G15.4, 
2 _‘/,'PARTICLE DIA (GRAIN SIZE) (cm) =',G15.4, 
3. ‘/,"PACKING INHOMOGENEITY FACTOR =',G15.4) 
FORMAT/(/, INITIAL BITUMEN RADIUS (cm) =',G15.4, 
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1 /, CONSTANT SURFACE CONC. =',G15.4, 


Z /,SOLID DIFF COEF (cm**2/sec) =',G15.4, 
3 /,,MASS TRANSFER COEF (cm/sec) =',G15.4) 
10 FORMAT('1',48X,'PERMEABILITY (KX Darcy)'/ 


1 ib i Bceagaueac tees. | a0 Te oy) 
11 FORMAT(//,48X,'PERMEABILITY (KY Darcy)',/ 

1 JABX,'----------nnon-n naan =) 
12 FORMAT('1',54X,'HEIGHT (cm)',/,54X,'--------- uy) 
13° FORMAT(//,52X,'POROSITY' /,52X,'-------- ef) 


14. FORMAT(11) 

15 FORMAT(2G16.6) 

16 FORMAT(G16.6,I3) 

17 FORMAT(//,"/ENTER : FLOW RATE - QIN (cc/sec)' /,'2’) 

18 FORMAT(,'ENTER : PORE VOL. INJECTED (dPV,NdPV)'/,'2’) 
19 FORMAT(//,53X,';CONCENTRATION'/, 


1 56), ¢ joraziponeus ) 
20 FORMAT(//,53X,'SATURATION’, 
1 Cy. haa ene ‘/) 


21 FORMAT(52X,* T.CP. *’ 

22 FORMAT(,'P.V. SOL INJECTED =',G16.6, 
1 /,'P.V. BIT PRODUCED =',G16.6) 

23 FORMAT(TIME (days)  =',G16.6) 

24 FORMAT(/,,FLOW RATE (cc/sec) =' ,2G16.4) 

25 FORMAT(/,INLET PRES. (psi) =',G16.6) 

26 FORMAT(‘OUTLET PRES.(psi) =',G16.6) 

27 FORMAT(/,"X-CELL NO. (MAX,MIN) = (',G9.3,',,G9.3,")'/, 
1 'Y-CELL NO. (MAX,MIN) = (',G9.3,',',G9.3,")’) 

28 FORMAT(/,'DIFF. MASS BAL. =',G16.6) 

29 FORMAT('CUM. MASS BAL. =',G16.6) 

30 FORMAT(,ITERATIONS K ='J3,/) 

31 FORMAT(//,50X,'PRESSURE (psi)',/, 


1 50X,'-------------- i) 
32 FORMAT(//,52X,' UX (cm/sec) ',/, 
1 52X,'------------ 7 


33. FORMAT(//,52X,' UY (cm/sec) ',/, 
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1 coh. ena ‘/) 


34 FORMAT(//,50X,'DXX (cm**2/sec)'/, 
1 50X,'--------------- 4) 

35. FORMAT(//,50X,'DYY (cm**2/sec)',/, 
1 50X,'--------------- '/) 

36 FORMAT(//,53X,'CELL.NO.-X'/, 
1 53X,'------- ---"/) 

37 FORMAT(//,53X,'CELL.NO.-Y',/, 
1 53X,'---------- '/) 

38 FORMAT(//,53X,'SPHERE RADIUS'/, 
1 oo eee, /) 

39 FORMAT(//,,OUTPUT ? (0,1)',/,'2’) 

40 FORMAT(5G9.3) 

41 FORMAT('9999.') 


N=0 


TAU(1)=0.D0 
DT=0.D0 


OQ 


QSOCM=0.D0 
QSICM=0.D0 
DFSICM=0.D0 
QINCM=0.D0 
ADSCM=0.D0 


PVINJ=0.D0 
SOLREC=0.D0 


O89: 
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Ake 
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BITREC=0.D0 oa 


READ(1,2)NXM1,NYM1 


NX=NXM1+1 
NY=NYM1+1 
NA=NX*NY 
NAMNX=NA-NX 


IF(MOD(NA,2).EQ.0) GO TO 100 


NA2=(NA-1)/2 
NA2P1=NA2+1 
C 
GO TO 110 
C 
100 NA2=NA/2 
NA2P1=NA2 
C 
110 READ(1,3)LEN,WID,DZ 
Cc 
DX=LEN/NXM1 
DY=WID/NYM1 
ae 
DO 120 I=1,NX 
DO 120 J=1,NY 


IJ=I+NX*(J-1) 


rer 


C 


C 


MOD 1(1J)=MOD(IJ,NX) 


UXM(IJ)=+(J-1) 
UXPUI)=+J 
IWYM(U)=IJ 
ISYPU))=N+NX 


DXI=0.D0 
DXIM1=0.D0. 
DYJ=0.D0 
DYJM1=0.D0 


IF(IL.NE.NX) DXI=DX 
IF(I.NE.1) DXIM1=DX 
IF(J.NE.NY) DYJ=DY 
IF(J.NE.1) DYJM1=DY 


AX(IJ)=.5D0*(DYJ+DYJM1)*DZ 
AY(J)=.5D0*(DXI+DXIM1)*DZ 


VB(IJ)=.25D0*(DXI+DXIM1)*(DYJ+DYJM1)*DZ - 


120 CONTINUE 


READ(1,2)NI,NJ,NIO,NJO 


MI=NX/NI 
MJ=NY/NJ 
IF(MOD(NX,NI).GT.0) MI=MI+1 
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IF(MOD(NY,NJ).GT.0) MJ=MJ+1 193 


READ(1,3)MUO,MUS,ALFAMU 
READ(1,3)RHOO,RHOS 


LNMUO=DLOG(1.D-2*MUO) 

LNMUS=DLOG(1.D-2*MUS) 

ALFA1=RHOO/RHOS 

BETA1=-DLOG(5.D-4) 
AC=(1.D0-ALFA1)*LNMUO*LNMUS+BETA1*(LNMUS-ALFA1*LNMUO) 
BC=ALFA1*LNMUO*(LNMUS+BETA1) 
DC=LNMUO-ALFA1*LNMUS+BETA1*(1.D0-ALFA1) 
EC=ALFA1*(LNMUS+BETA1) 


CALL INPUT1 (1,NX,NY,HGT) 


CALL INPUT1 (1,NX,NY,KX0) 
CALL INPUT1 (1,NX,NY,KY0) 


CALL INPUT1 (1,NX,NY,PHIMTX) 
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INPUT DIFFUSIVITY PARAMTERS 


CALL INPUT1 (1,NX,NY,CN) 
CALL INPUT1 (1,NX,NY,SAT) 


DO 130 IJ=1,NA 


130 NSPH(IJ)=3.D0*(1.D0-S AT(IJ))*PHIMTX(IJ)/(RSTO**3) 
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eae) 
C INPUT SPECIFIED BOUNDARY VALUES 


READ(1,2)NSPEC 

CALL INPUT2 (1,NX,NY,ISPEC) 
CALL INPUT2 (1,NSPEC,1,INOUT) 
CALL INPUT1 (1,NSPEC,1,CSPEC) 
READ(1,3) PIN,POUT 

READ(1,3) ALFA 


IF(ALFA.EQ.1.D0) ALFA=(1.D0-SMALL) 
IF(ALFA.EQ.0.D0) ALFA=SMALL 


READ (1,2) MAXIT,IMAX 
READ(1,3)BIG,TINY,SMALL,TOL,STOL 


WRITE(3,2) NX,NY 


CALL D4MAP(NX,NY, 1) 
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WRITE(2,5) LEN, WID,DZ 
WRITE(2,6) MUO,MUS 

WRITE(2,7) RHOO,RHOS 
WRITE(2,8) DO,FRF,DPAR,SIGMA 
WRITE(2,9) RSTO,CST,DSOL,BETAO 


WRITE(2,10) 
CALL OUTPT2 (1,2,KX0) 


WRITE(2,11) 
CALL OUTPT2 (1,2,KY0) 


WRITE(2, 12) 
CALL OUTPT2 (1,2,HGT) 


WRITE(2, 13) 
CALL OUTPT2 (1,2,PHIMTX) 


WRITE(6, 1) 
WRITE(2, 1) 


S0=0.D0 
PV=0.D0 
BIT=0.D0 


DO 150 IJ=1,NA 
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PV=PV+PHIMTX(IJ)* VB(1J) me 


BIT=BIT+(1.D0-SAT(IJ))*PHIMTX(IJ)* VB(IJ) 


IF(SPEC(IJ).EQ.0) GO TO 150 
IF(INOUT(ISPEC(J)).NE.1) GO TO 140 


PSPEC(ISPEC(IJ))=PIN 
CN(IJ)=.5D0*(CN(IJ)+CSPEC(ISPEC(IJ))) 
C 
GO TO 150 
Cc 
140 PSPEC(ISPEC(IJ))=POUT 
C 
150 S0=S0+SAT(J)*PHIMTX (IJ)* VB(IJ)*CN(IJ) 
C 
WRITE(6, 19) 
WRITE(2, 19) 


CALL OUTPT2 (2,2,CN) 
CALL OUTPT2 (2,6,CN) 


WRITE(6,20) 
WRITE(2,20) 


CALL OUTPT2 (2,2,SAT) 
CALL OUTPT2 (2,6,SAT) 


DO 160 J=1,NA 


RST(IJ)=RSTO 
PN(IJ)=0.0 
FN(IJ)=0.D0 
CONV(IJ)=0.D0 
IFLG1(1J)=0 
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IFLG2(IJ)=0 


BETA(IJ)=BETAO 
C 
160 CONTINUE 
¢ 
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INPUT INJECTED SOLVENT VOLUME 


DPV : FRACTIONAL PORE VOLUME INJECTED PER TIME STEP 


C 
C 
o 
¢ QIN : CONSTANT FLOW RATE TO BE MAINTAINED OVER TIME STEP 
G 
GC NDT : NUMBER OF TIME STEPS 

G 


1000 WRITE(6,17) 
WRITE(2,17) 
LB 
READ(5,16) QIN 
C 
WRITE(6, 18) 
WRITE(2,18) 


READ(5,16) DPV,NDPV 
IF(DPV.EQ.0.D0) GO TO 9999 
QINSUM=0.D0 

DO 170 IJ=1,NA 


IF(ISPEC(IJ).EQ.0) GO TO 170 
IF(INOUT(ISPEC(J)).NE.1) GO TO 170 
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C 


C 


QINSUM=QINSUM+QIN 


170 CONTINUE 


e 


C 


C 


c 


DO 5000 IDPV=1,NDPV 


=N+1 


NP1=N+1 
NMI=N-1 


USING T.C.P. (QGUZTORELI) METHOD TO SOLVE 
CONVECTIVE-DIFFUSSION EQUATION 


SN=0.D0 

DO 1001 IJ=1,NA 

IJN=U+NA*(N-1) 
RHON(J)=RHOO+(RHOS-RHOO)*CN(JJ) 
PHIN(IJ)=PHIMTX(IJ)-NSPH(IJ)*RST(IIN)**3/3.D0 


MU(IJ)=1.D2*DEXP((AC*CN(IJ)+BC)/(DC*CN(IJ)+EC)) 


SN=SN+SAT(IJ)*PHIMTX(IJ)* VB(IJ)*CN(D) 


1001 CONTINUE 
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PRESSURE-CONCENTRAION DISTRIBUTIONS 


K=0 
DO 1010 IJ=1,NA 


IJN=J+NA*(N-1) 
IJNP1=IJ+NA*N 


CNP1(1J)=CN(J) 
RHONP1(IJ)=RHON(IJ) 
PHINP1(IJ)=PHIN(J) 
1010 RST(UNP1)=RST(IN) 
C 
2000 DO 2001 IJ=1,NA 
€ 
IJN=J+NA*(N-1) 
IJNP1=IJ+NA*N 


CNHLF(1J)=.5D0*(CNP1(IJ)+CN(J)) 
RHO(J)=RHOO+(RHOS-RHOO)*CNHLF(IJ) 
RHONP1(1J)=RHOO+(RHOS-RHOO)*CNP1(IJ) 
RSTHLF(IJ)=.5D0*(RST(IIN)+RST(IJNP1)) 
PHI(IJ)=PHIMTX(IJ)-NSPH(J)*RSTHLF(IJ)**3/3.D0 
PHINP1(IJ)=PHIMTX(J)-NSPH(IJ)*RST(IINP1)**3/3.D0 
¢€ 
2001 CM(J)=CNP1(U) 
C , 
DT=PV*DPV/QINSUM 
€ 
TAU(NP1)=TAU(N)+DT 
TIME=TAU(NP1)/(3600.D0*24.D0) 
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DO 2100 IJ=1,NA 
IJN=I+NA*(N-1) 


IF(RSTHLF(IJ).LE.TOL) IFLG1(1J)=1 
IF(RST(JN).LE.TINY) IFLG2(J)=1 


IF(FLG2(1J).EQ.1) BETA(I)=0.D0 


DT1=.5D0*(TAU(NP1)-TAU(N)) 
C 
ILO=1 
C 
2102 IF(TAU(ILO+1).GT.DT1) GO TO 2105 
Cs 
ILO=ILO+1 
& 
GO TO 2102 
Cc 
2105 DO 2120 =1,NA 
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IF(IFLG1(IJ).NE.0) GO TO 2120 


IJNP1=IJ+NA*N 


I=0 
SUM=0.D0 


RSTSQ=RST(IJNP1)*RSTCUJNP1) 
AEXP=PI*PI*DSOL/RSTSQ 


2110 I=I+1 


c 


S 


SUM1=SUM 
SUM=SUM+(DEXP(-I*I*AEXP*TAU(NP1)))(I*D) 


TOL1=STOL*DABS(SUM) 
DSUM=DABS(SUM-SUM1) 


IF(DSUM.GT.TOL1.AND.I.LT.IMAX) GO TO 2110 
FNP1(IJ)=4.D0*PI*CST*RSTSQ*(1.D0/3.D0-2.D0*SUM/(PI*PD) 


I=0 
SUM=0.D0 


IJLO=IJ+NA*(ILO-1) 
IJLOP1=IJ+NA*ILO 


R1IHLF=RST(IJLO)+ 
1 (DT1-TAUCILO))*(RST(JLOP1)-RST(ULO))/ 
2 (TAUCLO+1)-TAU(ILO)) 


RSTSQ=R1HLF*R1HLF 
AEXP=PI*PI*DSOL/RSTSQ 


20 
C 3 


2115 I=1+1 

Cc 
SUM1=SUM 
SUM=SUM+(DEXP(-I*I*AEXP*DT1))/(I*D) 


TOL1=STOL*DABS(SUM) 
DSUM=DABS(SUM-SUM1) 


IF(DSUM.GT.TOL1.AND.I.LT.IMAX) GO TO 2115 
C 
F1(1J)=4.D0*PI*CST*RSTSQ*(1.D0/3.D0-2.D0*SUM/(PI*PI)) 


C 
2120 CONTINUE 


Ss 

C EVALUATE CONVOLUTION INTEGRAL 
C (USING LINEAR INTERPOLALTION) 

Cc 


IF(N.EQ.1) GO TO 2200 

DO 2190 J=1,NA 
CONV(IJ)=0.D0 
IF(IFLG1(IJ).NE.0) GO TO 2190 
DO 2191 J=1,NM1 


JP1=J+1 
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TNJ=TAU(N)-.5DO*(TAU(J)+TAU(IPL)) 
c 
ILO=1 
THI=NP1 
Ee 
2150 MID=(ILO+IHI)/2 
C 
DTAU=TAU(MID)-TNJ 
c 
IF(DTAU.LE.0) GO TO 2155 
IF(TAU.GT.0) GO TO 2160 
Cc 
2155 ILO=MID 
C 
GO TO 2165 
C 
2160 IHI=MID 
C 
2165 IF((IHI-ILO).GT.1) GO TO 2150 
C 
IJLO=J+NA*(ILO-1) 
IJLOP1=IJ+NA*ILO 


RNJ=RST(IJLO)+ 


1 (TNJ-TAUCLO))*(RST(JLOP1)-RST(JLO))/ 


2 (TAUCLO+1)-TAU(ILO)) 
C 
I=0 
SUM=0.D0 
C ; 
RSTSQ=RNJ*RNJ 
AEXP=PI*PI*DSOL/RSTSQ 
C 
2167 I=I+1 
C 


204 


SUM1=SUM 


SUM=SUM+(DEXP(-I*I* AEXP*TNJ))/(1*1) 


TOL1=STOL*DABS(SUM) 
DSUM=DABS(SUM-SUM1) 


IF(DSUM.GT.TOL1.AND.I.LT.IMAX) GO TO 2167 
FNJ=4.D0*PI*CST*RSTSQ*(1.D0/3.D0-2.D0*SUM/(PI*PI)) 
TNP1J=TAU(NP1)-.5DO*(TAUGJ)+TAUQP1)) 


ILO=1 
ITHI=NP1 
& 
2170 MID=(ILO+IHI)/2 
@: 
DTAU=TAU(MID)-TNP1J 
Cc 
IF(DTAU.LE.0) GO TO 2175 
IF(DTAU.GT.0) GO TO 2180 
Cc 
2175 ILO=MID 
c 
GO TO 2185 
G 
2180 IHI=MID 
€ 
2185 IF((IHI-ILO).GT.1) GO TO 2170 
C 
IJLO=IJ+NA*(ILO-1) 
IJLOP1=IJ+NA*ILO 


RNP1J=RST(IJLO)+ 
1 (TNP1J-TAUCLO))*(RST(JLOP1)-RST(JLO))/ 
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2 (TAU(ILO+1)-TAU(ILO)) 


I=0 
SUM=0.D0 


RSTSQ=RNP1J*RNP1J 
AEXP=PI*PI*DSOL/RSTSQ 


2187 I=I+1 


ce 


S 


eS 


SUM1=SUM 
SUM=SUM+(DEXP(-I*I*AEXP*TNP1J))/(I*I) 


TOL1=STOL*DABS(SUM) 
DSUM=DABS(SUM-SUM1) 


IF(DSUM.GT.TOL1.AND.I.LT.IMAX) GO TO 2187 
FNP 1J=4.D0*PI*CST*RSTSQ*(1.D0/3.D0-2.D0*SUM/(PI*PI)) 


IJJ=U+NA*(J-1) 
IJJP1=IJ+NA*J 


CONV(IJ)=CONV(IJ)+(RST(DJP1)-RST(JJ))*(FNP1J-FNJ) 


2191 CONTINUE 
2190 CONTINUE 


2200 DO 2250 N=1,NA 
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IJN=IJ+NA*(N-1) 
IJNP1=IJ+NA*N 


RST(IJNP1)=TINY 
IF(IFLG1(IJ).NE.0) GO TO 2250 
RSTSQ=4.D0*PI*RSTHLF(J)*RSTHLEF(D) 


A=CNHLF(IJ)*RSTSQ-F1(J) 
X=RST(IJ)*(FNP1(IJ)-FN(J))+CONV(D) 

1 +RST(JN)*(CNHLF(IJ)*RSTSQ-F1(IJ)) 

2 -RSTSQ*BETA(IJ)*(CNHLF(J)-CST)*DT 


RST(IJNP1)=X/A 


DSAT=RST(JNP1)**3*NSPH(IJ)/(3.D0*PHIMTX(IJ)) 
IF(DSAT.GT.1.D0.OR.RST(IJNP1).LE.0.D0) RST(IJNP1)=TINY 
2250 CONTINUE 


3001 DO 3000 =1,NA 

Ce, 
KPHI=(1.D0-PHIMTX(IJ))**2*PHI(IJ)**3 

1 /(PHIMTX(IJ)**3*(1.D0-PHI(IJ))**2) 

C 
KX(IJ)=KPHI*KXO(IJ) 

3000 KY(IJ)=KPHI*KYO(IJ) 

c 


DO 3020 IJ=1,NA 


IP1J=+1 
IJP1=IJ+NX 


IF(MOD1(1J).EQ.0) GO TO 3010 


IDWN=IP1J 
IF(PN(IJ).GT.PN(IP1J)) IDWN=IJ 


TX(UXP(IJ))=KX (IDWN)/(DX*COEFF*MU(IDWN)) 
TXRHO(IJXP(J))=RHON(IDWN) 
C 
3010 IF(J.GT.NAMNX) GO TO 3020 
€ 
JDWN=lJP1 
IF(PN(IJ).GT.PN(IJP1)) JDOWN=IJ 
Cc 
TY (IJYP(IJ))=KY (IDWN)/(DY *COEFF*MUJDWN)) 
TYRHO(JYP(IJ))=RHONJDWN) 
S. 
3020 CONTINUE 


— DO 3030 D=1,NA 


Q(dy)=0.D0 
B(IJ)=0.D0 
D(dJ)=0.D0 
E(IJ)=0.D0 
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209 
F(J)=0.D0 


3030 H(IJ)=0.D0 
C 
DO 3090 IJ=1,NA 
S 
IJM1=IJ-NX 
IM 1J=IJ-1 
IP1J=+1 
IJP1=IJ+NX 


IF(ISPECCJ).EQ.0) GO TO 3050 
IF(INOUT(ISPEC(J)).NE.-1) GO TO 3040 


E(1J)=1.D0 
Q(I)=PSPEC(ISPEC(IJ)) 
C 
GO TO 3090 
C 
3040 Q(IJ)=-QIN*RHO() 
é 
3050 Q(I)=Q(J)+VB(IJ)*PHI(IJ)*(RHONP1 (IJ)-RHON(J))/DT 
fe 
IF(MOD1(1J).EQ.0) GO TO 3060 
é 
F(IJ)=AX(IJ)*TX(UXP())*TXRHO(IXP(I)) 
E(1J)=E(1J)-F() 
& a 
G=GRAV*(RHO(IJ)*HGT(IJ)-RHO(P1J)*HGT(IP1J)) 
C 
Qd)=QdJ)-FWS)*G 
e- 
3060 IF(I.GT.NAMNX) GO TO 3070 
G 
H(U)=AY(U)*TY (UYP(U))*TYRHOWIYPC)) 
E(J)=E(J)-H() 


Cc 
G=GRAV*(RHO(IJ)*HGT(1J)-RHO(JP1)*HGT(UP1)) 
Cc 
Qd))=QdJ)-HW)*G 
C 
3070 IF(MOD1(IJ).EQ.1) GO TO 3080 
c 
DdJ)=AX()*TX(IXM())* TXRHOWIXM(I)) 
E(J)=E(UJ)-D(1) 
(G 
G=GRAV*(RHO(IM1J)*HGT(IM1J)-RHO(J)*HGT(IJ) 
Cc 
Qd)=Q(W)-DU)*G 
¢ 
3080 IF(IJ.LE.NX) GO TO 3090 
Cc 
BUJ)=AY(I)*TY (JYM(J))*TYRHOGJYM()) 
E(IJ)=E(1J)-BW) 
c 
G=GRAV*(RHO(IJM1)*HGT(JM1)-RHO(J)*HGT(I))) 
Cc 
Qd)=Q()-BW)*G 
Cc 
3090 CONTINUE 
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C CALCULATE VELOCITIES au 


DO 3110 IJ=1,NA 


IP1J=+1 
IP1=IJ+NX 


IF(MOD1(1J).EQ.0) GO TO 3100 


UX(IJXP(IJ))=TX (JXP(IJ))* ((PN(J)-PN(IP1J)) 
1 +GRAV*(RHO(J)*HGT(J)-RHO(UP1J)*HGT(IP1J))) 
C 
IF(DABS(UX(IJXP(IJ))). LE.SMALL) UX(UXP(IJ))=TINY 
Cc 
3100 IF(J.GT.NAMNX) GO TO 3110 
C 
UY(IJYP(J))=TY (UYP))*((PN(J)-PN(P1)) 
1 +GRAV*(RHO(J)*HGT(J)-RHO(JP1)*HGT(UP1))) 
C 
IF(DABS(UY(IJYP(IJ))). LESSMALL) UY(IJYP())=TINY 
€ 
3110 CONTINUE 
c 
DO 3120 N=1,NA 
ce 
IF(MOD1(IJ).EQ.1) UX(JIXM(IJ))=-UX(UXPUJ)) 
IF(MOD1(1J).EQ.0) UX(ISXP(J))=-UX(UXM(J)) 
_ TF(J.LE.NX) UYUJYM(U))=-UY (J YP()) 
IF(IJ.GT.NAMNX) UY(IJYP(J))=-UYCJYM(J)) 
C 
3120 CONTINUE 
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C 


MAGNITUDES AND DIRECTIONS OF VELOCITIES 


DO 3130 IJ=1,NA 


UXIJ(I)=.5D0* (UX(WXP(IJ))+UX(UXM(1))) 
UYIJdJ)=.5D0*(UYCUJYPUJ))+UY (WJ YMdJ))) 


IF(DABS(UXIJ(IJ)). LT. SMALL) UXIJ(J)=TINY 
IF(DABS(UYIJ(J)). LT. SMALL) UYIS(IJ)=TINY 


TU=DATAN(UYIJJ)/UXU())) 


COSIJ=DCOS(TV) 
SINIJ=DSIN(TTJ) 


THETA(J)=TU 
COS2(J)=COSU*COSIJ 
SIN2(IJ)=SINIJ*SINI 
COSIN(IJ)=COSUJ*SINU 


Ud) =DSQRT(UXIJ(I) *UXUUID)+U YU) *UYUC)) 


3130 CONTINUE 


D1=D0/FRF 
D2=SIGMA*DPAR 


22 


oT 


Cc 


DO 3150 IJ=1,NA 

IP1J=J+1 

IM1J=IJ-1 

IJP1=IJ+NX 

IJM1=IJ-NX 

IP1JP1=IJP1+1 

IM1JP1=JP1-1 
IP1JM1=IP1J-NX 
IF(MOD1(1J).EQ.0) GO TO 3140 


IDWN=IJ 
IF(CNHLF(J).GT.CNHLF(IP1J)) IDWN=IP1J 


UDWN=U(IDWN) 


DXX(JXP(IJ))=D1+D2*(ALFAL*COS2(IDWN) 
1 +ALFAT*SIN2(IDWN))*UDWN 


CRSX(IJXP(J))=0.D0 


IF(J.GT.NAMNX) GO TO 3140 
IF(IJ.LE.NX) GO TO 3140 


DXYDWN= : 
1 D2*(ALFAL-ALFAT)*COSIN(DWN)*UDWN 


| CRSX(IJXP(IJ))=.25D0*DX YDWN* 


1 (CNHLF(UP1)-CNHLF(IJM1)+CNHLF(IP1JP1)-CNHLF(IP1JM1))/DY 


3140 IF(U.GT.NAMNX) GO TO 3150 


Cc 
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JDWN=IJ 


IF(CNHLF(IJ).GT.CNHLF(IJP1)) JOWN=lJP1 
C 
UDWN=U(JDWN) 
Cc 
DYY(JYP(J))=D1+D2*(ALFAL*SIN2(JDWN) 
1 +ALFAT*COS2(JDWN))*UDWN 
C 
CRS Y(IJYP(J))=0.D0 
© 
IF(MOD1(1J).EQ.0) GO TO 3150 
IF(MOD1(1J).EQ.1) GO TO 3150 
C 
DYXDWN= 
1 D2*(ALFAL-ALFAT)*COSINJIDWN)*UDWN 
Cc 
CRS Y(JYP(J))=.25D0*DYXDWN* 
1 (CNHLF(P1J)-CNHLF(IM1J)+CNHLF(IP1JP1)-CNHLFUM1JP1))/DX 
Cc 
3150 CONTINUE 
C 
DO 3160 =1,NA 
@ 
IF(MOD1(IJ).EQ.0) DXX(JXP(J))=DXX(JXM(IJ)) 
IF(MOD1(IJ).EQ.1) DXX(JXM(IJ))=DXX(JXP(I)) 
IFCJ.GT.NAMNX) DY Y(DYP(I))=DY Y (J YM(J)) 
IF(J.LE.NX) DYY(JYM(J))=DY Y(JYP()) 


DXXIJ(IJ)=.5D0* (DXX(IJXP(IJ))+DXX(JXM(IJ))) 
-DYYU()=.5D0*(DY Y(JYP(M))+DY YCJYM(J))) 


IF(MOD1(1J).EQ.0) CRSX(UXP(J))=CRSX(UXM(I))) 
IF(MOD1(1J).EQ.1) CRSX(JXM(IJ))=CRSX(UXP(ID)) 
IF(IJ.GT.NAMNX) CRSY(IJYP(J))=CRSY(IYM(J) 
IF(IJ.LE.NX) CRSY (IJYM(J))=CRSY (YP) 
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C 
3160 CONTINUE 


XNCMAX=0.D0 
YNCMAX=0.D0 
XNCMIN=BIG 
YNCMIN=BIG 


DO 3170 IJ=1,NA 


XNC(IJ)=0.D0 
YNC(IJ))=0.D0 


IF(DXXIJ(IJ).GT.TINY) 

1 XNC(IJ)=DX*UXTJ(IJ)/DXXI (I) 
IF(DYYI(J).GT.TINY) 

1 YNC(J)=DY*UYUC)/DY YU) 


IF(XNC(IJ).GT.XNCMAX) XNCMAX=XNC(IJ) 
IF(YNC(IJ).GT.YNCMAX) YNCMAX=YNC(IJ) 
IF(XNC(IJ).LT.KNCMIN) XNCMIN=XNC(IJ) 
IF(YNC(IJ).LT. YNCMIN) YNCMIN=YNC(IJ) 

& 

3170 CONTINUE 


S SOLVE CONVECTIVE-DIFFUSION EQUATION 
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DO 4000 IJ=1,NA 


R1=U(J)*DT/(PHI(IJ)*DX) 
R2=U()*DT/(PHI()*DY) 


W1(I)=(COS2(1J)+.5D0*R1*R1)/3.D0 
W2(IJ)=(SIN2(J)+.5D0*R2*R2)/3.D0 


W1(1J)=0.D0 
W2(IJ)=0.D0 
Bs 
4000 CONTINUE 
C 
DO 4010 IJ=1,NA 
c 
4010 ADS(J)=VB(J)*NSPH(IJ)*BETACJ)*RSTHLEF(IJ)*RSTHLF(IJ) 


~ DO 4020 U=1,NA 


Q(J)=0.D0 
B(IJ)=0.D0 
-DdJ)=0.D0 
F(U)=0.D0 
H(1J)=0.D0 
E(IJ)=0.D0 
c 
4020 CONTINUE 
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DFS : DIFFUSIVE 

CNV : CONVECTIVE 
WGT : NUMERICAL 
ADS : ADSORPTIVE 


DO 4080 IJ=1,NA 


IM1J=-1 
IP1J=+1 
IJM1=J-NX 
UP1=IJ+NX 


CNIJ=CN(IJ) 
PHIW=PHI(IJ) 


DFSXP=.5D0*AX(IJ)*(DXX(JXP(IJ)))/DX 
DFSXM=.5D0*AX(IJ)*(DXX(JXM(IJ)))/DX 
DFSYP=.5DO*AY(IJ)*(DYY(WYP()))/DY 
DFSYM=.5D0*AY(IJ)*(DYY (J YM(J)))/DY 


CNVXP=.25D0*AX(IJ)*UX (XP) 
CNVXM=.25D0* AX(IJ)*UX(JXM(I)) 
CNVYP=.25D0*AY(IJ)*UY(UYP(W)) 
CNVYM=.25D0*AY(IJ)*UY(YM(IJ)) 


WGTX=.5D0*W1(1J)* VBC))/DT 
WGTY=.5D0*W2(IJ)* VB(IJ)/DT 


IF(ISPEC(IJ).EQ.0) GO TO 4040 
IF(INOUT(ISPEC(IJ)).NE. 1) GO TO 4030 
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E(J)=E(J)+.5D0*QIN* ALFA/(1.D0-ALFA) 
Qd)=Q(J)+.5D0*QIN*(CSPEC(UISPEC(IJ))+CND) 
1 +.5DO*QIN*CSPEC(ISPEC(IJ))*ALFA/(1.D0-ALFA) 
€ 
GO TO 4040 
S . 
4030 QOUT=AX(IJ)*UX(UXM(IJ))+A YI) *(U Y (JY M(IJ))-U Y IJ YP(IJ))) 
1 -VB(IJ)*PHI(IJ)*(RHONP1(IJ)-RHON(IJ))/DT 
E(J)=E(J)+.5D0*QOUT 
Qd)=Q()-. SDO*QOUT*CNI 
Cc 
C 
4040 E(IJ)=E()+VB(J)*PHI/DT+.5D0*ADS(J) 
Q())=Q()+ VB(J)* CNIJ*PHIT/DT-ADS(IJ)*(.5DO*CNIJ-CST) 
Le: 
IF(MOD1(1J).EQ.0) GO TO 4050 
C 
CNIP1=CN(IP1J) 
PHIIP1=PHI(IP1J) 


F(IJ)=-DFSXP+CNVXP+PHIIP1*WGTX 
E(IJ)=E(1J)+DFSXP+CNVXP-PHIIJ*WGTX 


Q(IJ)=Q(J)+DFSXP*(CNIP1-CNIJ)-CNVXP*(CNIP1+CNIJ) 
1 +WGTX*(PHIIP1*CNIP1-PHII*CNIJ)+AX(1J)*CRSX(UIXP(I)) 
€ 
4050 IF(MOD1(1J).EQ.1) GO TO 4060 
€ 
_CNIM1=CN(IM1J) 
PHIIM1=PHI(IM1J) 


D(dJ)=-DFSXM-CNVXM+PHIIM1*WGTX 
E(J)=E(1J)+DFSXM-CNVXM-PHIIJ*WGTX 


res 
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Qd)=Q(J)+DFSXM*(CNIM1-CNIJ)+CNVXM*(CNIM1+CNIJJ) 
1 +WGTX*(PHIIM 1*CNIM1-PHIL*CNIJ)-AX(J)*CRSX(IJXM(IJ)) 
C 
4060 IF(dJ.GT.NAMNX) GO TO 4070 
& 
CNJP1=CN(JP1) 
PHIJP1=PHI(IJP1) 


H(1J)=-DFS YP+CNV YP+PHIJP1*WGTY 
E(1J)=E(J)+DFS YP+CNV YP-PHIJ*WGTY 


Q(J)=Q(IJ)+DFS YP*(CNJP1-CNIJ)-CNV YP*(CNJP1+CNIJ) 
1 +WGTY*(PHIJP1*CNJP1-PHIIJ*CNIJ)+A Y (1J)*CRS Y(IJYP(IJ)) 
C 
4070 IF(IJ.LE.NX) GO TO 4080 
C 
CNJM1=CN(IJM1) 
PHIJM1=PHI(IJM1) 


B(J)=-DFS YM-CNV YM+PHIJM1*WGTY 
E(IJ)=E(J)+DFS YM-CNV YM-PHIIJ*WGTY 


Q(I)=Q(IJ)+DFS YM*(CNJM1-CNIJ)+CNV YM*(CNJM1+CNIJ) 
1 +WGTY*(PHIJM1*CNJM1-PHIIJ*CNIJ)-AY(IJ)*CRSY (JYM(IJ)) 
C 
4080 CONTINUE 
c 
((------------------------------------ 2-22-22 feen eee 
Cc 
C . SOLVE FOR CONCENTRATION 
Cc 
aise Smee nese anne ene 
G 
CALL SOLN (CNP1) 


219 


coneeny "207A OADM SDPO 


_ is j nee 


ee 


roe 


a 


ah 


ep RSS? Ay UAE my 
ee 


a ¥ lite 4 
fa EOS 


220 


K=K+1 


DCMAX=0.D0 


DO 2500 IJ=1,NA 


DCMX=DABS(CNP1(IJ)-CM(J)) 
IF (DCMX.GT.DCMAX) DCMAX=DCMX 
¢ 
2500 CONTINUE 
€ 
IF(DCMAX.GT.TOL.AND.K.LT.MAXIT) GO TO 2000 


SNP1=0.D0 
QSOUT=0.D0 
QBOUT=0.D0 
QSIN=0.D0 

~ DFSIN=0.D0 
QADS=0.D0 


DO 5040 =1,NA 


Cc 


IJN=U+NA*(N-1) 
IJNP1=IJ+NA*N 


SAT(IJ)=PHINP 1(1J)/PHIMTX (IJ) 
SNP1=SNP1+PHINP1(1J)*VB(IJ)*CNP1 (IJ) 
QADS=QADS+NSPH(IJ)* VB(J)* 


1 (T*BETA(IJ)*(CNHLF(IJ)-CST) 
2 +CNHLF(IJ)*(RST(IJNP1)-RST(IIN)))*RSTHLF(IJ)*RSTHLEF() 


5040 CONTINUE 


Cc 


C 


C 


DO 5041 IJ=1,NA 

IF(ISPEC(IJ).EQ.0) GO TO 5041 
IF(NOUT(ISPEC(IJ)).NE.1)GO TO 5031 
QSIN=QSIN+.5D0*QIN*(CSPEC(ISPEC(IJ))+CN(J)) 


DFSIN=DFSIN+.5D0* QIN*(CSPEC(ISPEC(IJ))-CNP1(1J)) 
1 *ALFA/(1.D0-ALFA) 


5031 IF(INOUT(SPEC(IJ)).NE.-1) GO TO 5041 


C 


QOUT=AX(U)*UX(IIXM(J))+A YI) *(UY (SYM())-UY (JYPC))) 
1 - VB(1J)*PHI(I)*(RHONP1 (1J)-RHON(IJ))/DT 
QSOUT=QSOUT+QOUT*CNHLF(I) - 
QBOUT=QBOUT+QOUT*(1.D0-CNHLF(IJ)) 


Gr 


Cc 


CEFFL=1.D0-CNHLF(IJ) 


5041 CONTINUE 


Cc 


DMASB=(SNP1-SN+QADS+QSOUT*DT)/(DT*(QSIN+DFSIN)) 


Lak 


iss 
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c 


C 


QSOCM=QSOCM+QSOUT*DT 
QSICM=QSICM+QSIN*DT 
DFSICM=DFSICM+DFSIN*DT 
QINCM=QINCM+QINSUM*DT 
ADSCM=ADSCM+QADS 


PVINJ=QINCM/BIT 
BITREC=BITREC+QBOUT*DT/BIT 
SOLREC=SOLREC+QSOUT*DT/BIT 


CMASB=(SNP1-S0+ADSCM+QSOCM)/(QSICM+DFSICM) 


DO 5050 =1,NA 


CN(IJ)=CNP1(1J) 
FN(IJ)=FNP1(1J) 


IF(ISPEC(J).EQ.0) GO TO 5050 


IF(INOUT(ISPEC(IJ)).EQ. 1) PIN=PN(J) 


5050 CONTINUE 
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ets 


cm | 
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ALO 


WRITE(4,40) PVINJ,CEFFL,BITREC,SOLREC,QOUT 


WRITE(6, 1) 

WRITE(6,21) 

WRITE(6,22) PVINJ,BITREC 
WRITE(6,23) TIME 
WRITE(6,24) QIN,QOUT 
WRITE(6,25) PIN 
WRITE(6,26) POUT 
WRITE(6,27) XNCMAX,XNCMIN, YNCMAX, YNCMIN 
WRITE(6,28) DMASB 
WRITE(6,29) CMASB 
WRITE(6,30) K 


WRITE(6,19) 
CALL OUTPT2 (2,6,CNP1) 


WRITE(6,20) 
CALL OUTPT2 (2,6,SAT) 


WRITE(6,39) 
READ(5,14)IOUT 


IF(IOUT.EQ.0) GO TO 5000 


OUTPUT TO PLOT DATA FILE 


a0 


ae 


7 erin | 
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WRITE(3,40) PVINJ 
CALLOUTPI1IG;CNP]) 
CALL OUTPT1(3,PN) 
CALL OUTPT1(3,SAT) 


WRITE(2, 1) 

WRITE(2,21) 

WRITE(2,22) PVINJ,BITREC 
WRITE(2,23) TIME 
WRITE(2,24) QIN 
WRITE(2,25) PIN 
WRITE(2,26) POUT 
WRITE(2,27) XNCMAX,XNCMIN, YNCMAX, YNCMIN 
WRITE(2,28) DMASB 
WRITE(2,29) CMASB 
WRITE(2,30) K 


WRITE(2,19) 
CALL OUTPT2 (2,2,CNP1) 


WRITE(2,20) 
CALL OUTPT2 (2,2,SAT) 


WRITE(2, 1) 


WRITE(2,31) 
CAL OUTER I2 (h2,EN) 


WRITE(2,1) 
WRITE(2,32) 
CALL OUTPT2 (1,2,UXT)) 
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, + DP 55 


WRITE(2,33) 
CALL OUTPT2 (1,2,U YIJ) 


WRITE(2, 1) 
WRITE(2,34) 
CALL OUTPT2 (1,2,DXXJJ) 


WRITE(2,35) 
CALL OUTPT2 (1,2,DY YJ) 


WRITE(2,1) 
WRITE(2,36) 
CALL OUTPT2 (1,2,XNC) 


WRITE(2,37) 
CALL OUTPY2 (1,2, XY NC) 
C 
Cc 
5000 CONTINUE 
€ 
GO TO 1000 
€ 
COBH EI ASS ASI IEG AA IIA EA IEE ARIA IRIE GIO IOI AAR ATOR 
C 
9999 WRITE(6,1) 
WRITE(2,1) 
C 
WRITE(3,41) 
WRITE(4,41) 


STOP 
END 
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SUBROUTINE D4MAP(NX,NY,NZ) 
C 
IMPLICIT REAL*8(A-H,O-Z) 
C 
C8 EEE EE EBB B EEE EE EEE SEE EE EEE EE EEE REE EEE RE 
SEE EE EER EE 
Cc 
C SUBROUTINE 'D4MAP' GENERATES THE ALTERNATE DIAGONAL 
C | NUMBERING SEQUENCE . 
c 
C& BBE EEE BEEBE BEBE EE BEEBE EE EEE EERE EEE REE EER EE 
REEEEEEE ER 
Cc 
CCCCCCC OOOOOOO MMMMMMM MMMMMMM OOOOOOO NNNNNNN 
Cc 
COMMON /D4MP/ D4,ID4 
INTEGER D4(500),1D4(500) 
c 
CCCCCCC OOOOOOO MMMMMMM MMMMMMM OOOOQOO0O0 NNNNNNN 
e 


Gi. EVISOL Ae atk SO I 
(Ss 
C  D4dJK) IS A POINTER ARRAY WHICH MAPS 
C | NATURAL ORDERING INDEX TO ITS CORRESPONDING 
C D4VALUE 
Ge 
C  ID4IS THE INVERSE MAPPING ARRAY : 
C ID4(D4(IJK))=JK 
@). 
Ge Ne 
Cc 
M=NX+NY+NZ 
MEVEN=0 


IF(MOD(M,2).EQ.0)MEVEN=1 
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é aye i<* Cl 4 f 
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10 


20 


30 


2) 


40 


©) ©! G! @ 


Z2/ 
MLAST=M 


IF(MEVEN.EQ.1)MLAST=M-1 
NFLAG=0 

NPLANE=3 

NUM=0 

K=NPLANE-2 
IF(K.GE.NZ)K=NZ 

I=0 

IF(K.LT.1)GO TO 40 

I=I+1 

J=NPLANE-I-K 
IF(J.GT.NY)GO TO 30 
IF(ILGT.NX)GO TO 35 
IJ=I+NX*(J-1)+NX*NY*(K-1) 
NUM=NUM+1 

D4(1J)=NUM 

ID4(NUM)=IJ 
IF(J.EQ.1.AND.K.EQ.1)GO TO 40 
IF(J.NE.1)GO TO 30 

K=K-1 

GO TO 20 

IF(NPLANE.NE.MLAST)GO TO 50 
NPLANE=2 

MLAST=M-1 
IF(MEVEN.EQ.1)MLAST=M 
IF(NFLAG.EQ.1)GO TO 60 
NFLAG=1 

NPLANE=NPLANE+2 
GO TO 10 


_ RETURN 


END 


arr 


Say, 
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SUBROUTINE INPUT1 (IDEV,NROW,MROW,X) 
IMPLICIT REAL*8 (A-H,O-Z) 


C8 BEB BEE BEEBE BEEBE EEE ESE EEE EEE EERE EE 
SEE EE EEE EE 
C 
C SUBROUTINE 'INPUT1' READS A ONE-DIMENSIONAL DOUBLE 
PRECISION 
C ARRAY OF EQUIVELANT DIMENSION (NROW,MROW) 
C  WHICHIS PARTITIONED TO NI ELEMENTS PER LINE FROM 
C DEVICE (IDEV) 
c 
C8888 88 8 88 88 BE BBE BEE EEE KEE EEE EE EEE EEE EERE EE 
REESE EEE EK 
G 
CCCCCCC OOOOOCOO MMMMMMM MMMMMMM OOOOOO0O0 NNNNNNN 
Cc 
COMMON /IOPAR/ NI,NJ,NIO,NJO,MI,MJ 
C 
CCCCCCC OOOOO0OO MMMMMMM MMMMMMM OOOOO0O0O NNNNNNN 
G 
DIMENSION X(500) 
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Cc 
8: 


C 


2 
MMI=NROW/NI a 


IF(MOD(NROW,NI).NE.0)MMI=MMI+1 
DO 10 J=1,MROW 
DO 10 KI=1,MMI 


TLO=1+NI*(KI-1) 
IHI=NI+NI*(KI-1) 


IF(IHI.GT.NROW) [HI=NROW 


IJLO=ILO+NROW*(J-1) 
IJHI=IHI+NROW*(J-1) 


READ(IDEV,100)(X(J),J=JLO,NHI) 
RETURN 


END 


SUBROUTINE INPUT2 (IDEV,NROW,MROW,IX) 


C8888 88 8 88 8.8. 88. 88 BBL BEBE BEEK SEE EEE ERE EERE KEKE 


SUBROUTINE 'INPUT2' READS A ONE-DIMENSIONAL INTEGER 
ARRAY OF EQUIVELANT DIMENSION (NROW,MROW) 
WHICH IS PARTITIONED TO NI ELEMENTS PER LINE FROM 


- DEVICE (DEV) 


C88 88 88 8 88 88 8888 88 BBB BBB EEE EEE EE EEE EEE EE ESE 
SEE EEE EEK 


C 


CCCCCCC OOOOOO0O MMMMMMM MMMMMMM OOOOO000 NNNNNNN 
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C 


COMMON /IOPAR/ NI,NJ,NIO,NJO,MI,MJ 
€ 


CCCCCCC OOOOOO0O MMMMMMM MMMMMMM OOOOOOO NNNNNNN 
C 2 
DIMENSION IX(500) 


IF(MOD(NROW,NI).NE.0)MMI=MMI+1 
DO 10 J=1,MROW 
DO 10 KI=1,MMI 


ILO=1+NI*(KI-1) 
IHI=NI+NI*(KI-1) 


IF(IHI.GT.NROW) IHI=NROW 


IJLO=ILO+NROW*(J-1) 
IJHI=IHI+NROW*(J-1) 


10 READ(IDEV,100)(IX(1J),J=NLO,UHI) 


RETURN 
END 
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SUBROUTINE OUTPT1 (IDEV,X8) 
Cc 
REAL*8 X8(500) 
DIMENSION X4(500) 
Cc 
CREE ERE EEE SEEK EE KEE BBB BEEBE EB BEBE BE BBE EEE EEE 
SE EEE Be 8 & 8 8 
C 
C SUBROUTINE 'OUTPT1' WRITE A ONE-DIMENSIONAL SINGLE 
PRECISION 
C ARRAY OF EQUIVELANT DIMENSION (NROW,MROW) 
C WHICH IS PARTITIONED TO NI ELEMENTS PER LINE ON 
© DEVICE (DEV) 
C 
CEE EEE REE EERE KES ESE KE BB EBB 8 BBE BKB 88 88 8 8 88 
SESE EEE EE 
e 
CCCCCCC OQOOOOO MMMMMMM MMMMMMM OOOOOOO NNNNNNN 
C 
COMMON /IOPAR/ NI,NJ,NIO,NJO,MI,MJ 
COMMON /NGRD/ NX,NY,NA,NAMNX,NA2,NA2P1,MOD1 
c 
DIMENSION MOD1(500) 
CCCCCCC OOOOOO0O MMMMMMM MMMMMMM OOOOOOO NNNNNNN 


DO 1 IJ=1,NA 
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e 
DO 10 J=1,NY 

e 
IJLO=1+NX*(J-1) 
IHI=NX+NX*(J-1) 


10 WRITECIDEV,100)(X4(IJ),J=IJLO,IJHI) 


RETURN 
END 


OWA @ 


SUBROUTINE OUTPT2 (IFORM,IDEV,X) 
IMPLICIT REAL*8 (A-H,O-Z) 


CRE EEEEEEEE EE EEE EEE EEE ES EEE EE EK EEE BE BEEBE BB KE 
CREE EEE 
Cc 
C ARRAY OUTPUT ON DEVICE=IDEV 
CREE EEE EEE EEE EEE EEE EE EE EE EEE EE EEE EEE EE EE 
BEEBE B88 Ec 8 
‘S 
CCCCCCC OQOOOOO MMMMMMM MMMMMMM OOOOOOO NNNNNNN 
C 
- COMMON /NGRD/ NX,NY,NA,NAMNX,NA2,NA2P1,MOD1 

COMMON /IOPAR/ NI,NJ,NIO,NJO,MI,MJ 
G, 

DIMENSION MOD1(500) 
Cc 
CCCCCCC OOOOOOO MMMMMMM MMMMMMM OOOOO0O00O NNNNNNN 
(e, 
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jefe) 
DIMENSION X(500) 


FORMATV(/,4X, 15110) 
FORMAT(’ JN’) 
FORMAT(1X,12,6X, 15F10.3) 
FORMAT(1X,I2,8X,15G10.3) 


WRITE(IDEV,100)(I,I=1,NX,NIO) 
WRITE(DEV, 101) 


DO 10 J=1,NY,NJO 


IJLO=1+NX*(J-1) 
IJHI=NX+NX*(J-1) 


IF(IFORM.EQ.2) 
1 WRITECIDEV, 102)J,(X (J), J=JLO,IJHI,NIO) 
IF(IFORM.EQ.1) 
1 WRITE(IDEV, 103)J,(X (J), J=NLO,IHI,NIO) 
CONTINUE 


RETURN 
END 


SUBROUTINE SOLN(X) 


IMPLICIT REAL*8 (A-H,O-Z) 


—a if 


FEL 


234 
C 3 


CERES EES KEE ERE EB EEE EEE EE BEBE BEBE 
SE SEES S&S & 
SUBROUTINE 'SOLN' EXECUTES THE SOLUTION TO : 

AX=Q 


WHERE EACH ELEMENT OF X IS A SCALAR (N=1). 


QO 11 1t@4@ 7@ 


CEE EEE EEE EEE EEE EEE EEE SEE E EB EE BEEBE EBB BBB EE 
REEEE EEE EE 
C 
CCCCCCC OQOOOOOO MMMMMMM MMMMMMM OOOOOOO NNNNNNN 
c 
COMMON /COEF/ B,D,E,F,H,Q 
COMMON /D4MP/ D4,ID4 
COMMON /NGRD/ NX,NY,NA,NAMNX,NA2,NA2P1,MOD1 


DIMENSION B(500),D(500),E(500),F(500),H(500),Q(500) 
INTEGER D4(500),1D4(500) 
DIMENSION MOD1(500) 
C 
CCCCCCC OQOQOOOO MMMMMMM MMMMMMM OOOOOOO NNNNNNN 
Cc 
REAL*8 LL 
DIMENSION X(500), Y(500) 
DIMENSION RL(5000),LL(5000) 


OQ 


QO 


COUPLED WITH D4 ODERING , 'SOLN' USES LR DECOMPOSITION : 


A=LR 
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C AND DETERMINES AN INTERMEDIATE VECTOR Y 
C BY FORWARD SUBSTITUTION : 
G 
C LY=Q 
G 
C FOLLOWED BY A BACKWARD SUBSTITUTION FOR X : 
© 
C RX=Y 
S 
( ae ee ee ae eee ae 
9 
NA2P2=NA2P1+1 
NA2P3=NA2P2+1 
c 
G Speen A A RIM fat EN, SIRO Ni ei SE ee va, BE vein AB Roe ek Et ee 
G 
C DETERMINE LMAX 
C 
C Na eae ee ee es See oes Be a ee eee ee ee ee 
Cc 
LMAX=0 
G 
Cc 
DO 15 J=NA2P2,NA 
G 
LMXD4=ID4(1J)+2 
‘e 
~ TIF(LMXD4.LT.1) GO TO 15 
_IF(LMXD4.GT.NA) GO TO 15 
IF((D4(LMXD4)-IJ).GT.LMAX) LMAX=D4(LMXD4)-IJ 
Cc 
15 CONTINUE 
eG 
G 
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NRL=NA2*(LMAX+1) 
NLL=NA2*LMAX 


DO 20 I=1,NRL 
RL(D)=0.D0 


DO 25 I=1,NLL 


LL(D=0.D0 


DO 30 J=NA2P2,NA 

IJN2P1=IJ-NA2P1 

D4=ID4(U) 
-RL(IJN2P1)=E(JD4) 


IF(MOD1(IJD4).NE.0)RL(JN2P1)=RL(IN2P1)- 
1 F(JD4)*D(JD4+1)/E(JD4+1) 


IF(MOD1(IJD4).NE.1)RLCJN2P1)=RL(JN2P1)- 
1 DdJD4)*FCJD4-1)/E(JD4-1) 
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IF(JD4.LE.NAMNX)RL(IJN2P1)=RL(IJN2P1)- 
1 HUJD4)*BUJD4+NX)/E(IJD4+NX) 
G 
IF(JD4.GT.NX)RL(UJN2P1)=RL(IJN2P1)- 
1 B(WD4)*HUJD4-NX)/ECJD4-NX) 
C 
30 CONTINUE 
C 
CoA AAAI eee Fad en ea 
C 
C>--EVALUATE RE*,LL* ; L=1,LMAX 
C 
AG oa raatettee aces adensewttenec ao seeie cece soe ewes 
C 
DO 60 J=NA2P2,NA 


UD4=ID4(1J) 


NAMIJ=NA-IJ 
IJN2P1=IJ-NA2P1 


LD4=[JD4+2 


' IF(LD4.LT.1) GO TO 35 
IF(LD4.GT.NA) GO TO 35 


L=D4(LD4)-IJ 


IF(L.LT.1) GO TO 35 
IF(L.GT.LMAX) GO TO 35 
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IF(L.GT.NAMIJ) GO TO 35 
IF(MOD1(1IJD4).EQ.0) GO TO 35 
LIJR=IJN2P1+L*NA2 
LIJL=IJN2P1+(L-1)*NA2+L 


IJD4L=ID4(1J+L) 


RL(LIJR)=-F(IJD4)*F(JD4+1)/E(JD4+1) 
LL(LUL)=-D(JD4L)*D(JD4L-1)/ECJD4L-1) 


LD4=1JD4+NX+1 


IF(LD4.LT.1) GO TO 45 
IF(LD4.GT.NA) GO TO 45 


L=D4(LD4)-IJ 
IF(L.LT.1) GO TO 45 
IF(L.GT.LMAX) GO TO 45 


IF(L.GT.NAMIJJ) GO TO 45 


LIJR=DN2P1+L*NA2 
LIJL=IJN2P1+(L-1)*NA2+L 


-WD4L=ID4(1J+L) 


IF(MOD1(IJD4).EQ.0) GO TO 40 


RL(LUR)=-F(UD4)*H(JD4+1)/E(IID4+1) 
LL(LUL)=-D(JD4L)*B(JD4L-1)/E(JD4L-1) 
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2 
40 IFQJD4.GT.NAMNX) GO TO 45 si 


C 
RL(LIJR)=RL(LUR)-H(IJD4)*F(IJID4+NX)/E(IJD4+NX) 
LL(LUL)=LL(LIJL)-B(IJD4L)*D(JD4L-NX)/ECJD4L-NX) 


45 LD4=IJD4+2*NX 


IF(LD4.LT.1) GO TO 50 
IF(LD4.GT.NA) GO TO 50 


L=D4(LD4)-IJ 
IF(L.LT.1) GO TO 50 
IF(L.GT.LMAX) GO TO 50 
IF(L.GT.NAMIJ) GO TO 50 
IF(IID4.GT.NAMNX) GO TO 50 
LUR=IJN2P1+L*NA2 
LIJL=IJN2P1+(L-1)*NA2+L 


IJD4L=ID4(1J+L) 


RL(LUR)=-H(JD4)*H(WD4+NX)/ECJD4+NX) 
LL(LUL)=-B(JD4L)*B(JD4L-NX)/E(JD4L-NX) 


50 LD4=IJD4-NX+1 
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IF(LD4.LT.1) GO TO 60 


IF(LD4.GT.NA) GO TO 60 
L=D4(LD4)-IJ 

IF(L.LT.1) GO TO 60 
IF(L.GT.LMAX) GO TO 60 
IF(L.GT.NAMIJ) GO TO 60 
LIJR=IJN2P1+L*NA2 
LIJL=IJN2P1+(L-1)*NA2+L 
IJD4L=ID4(IJ+L) 


IF(MOD1(IJD4).EQ.0) GO TO 55 


RL(LUR)=-F(UJD4)*B(JD4+ 1)/E(JD4+1) 
LL(LIJL)=-D(JD4L)*H(JD4L-1)/ECJD4L- 1) 


IF(JD4.LE.NX) GO TO 60 


RL(LIJR)=RL(LUR)-B(IJD4)*FUJD4-NX)/E(JD4-NX) 
LL(LUL)=LL(LIL)-H(JD4L)*DdJD4L+NX)/ECJD4L+NX) 


CONTINUE 
LMAXP1=LMAX+1 


DO 85 j=NA2P3,NA 


IJN2P1=IJ-NA2P1 
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70 


MMIN=0 

MMAX=LMAX 
TF((NA2P2+LMAX-IJ).GT.MMIN)MMIN=NA2P2+LMAX-IJ 
IF((NA-IJ). LT. LMAX)MMAX=NA-IJ 

MMAX1=MMAX+1 

MMIN1=MMIN+1 

LMXMMN=LMAX-MMIN 


DO 70 M1=MMIN1,LMAX 
M=M1-1 
L=LMAX-M 
LIJ=IJN2P1+(L-1)*NA2 
NOUJ=IJN2P1-L 
IF(M.EQ.MMIN) GO TO 70 
DO 65 N=1,M 
LN=L+N 
LNIJ=IJN2P1+(LN-1)*NA2 
NUJ=IJN2P1-LN+N*NA2 


LL(LIJ)=LL(LU)-LL(LNU)*RL(NIJ) 


LL(LI)=LL(LI)/RL(NOV) 


DO 80 M1=1,MMAX1 


M=M1-1 
MIJ=NN2P1+M*NA2 


IF(M.EQ.LMAX) GO TO 80 


IF((LMAX-M).LT.LMXMMN) LMKXMMN=LMAX-M 
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c 
DO 75 N=1,LMXMMN 
C 
MN=M+N 
MNIJ=NN2P1-N+MN*NA2 
NUIJ=IJN2P1+(N-1)*NA2 
Cc 
1) RL(MJJ)=RL(MIJ)-LL(NIJ)*RL(MNIJ) 
Cc 
80 CONTINUE 
(@: 
85 CONTINUE 
€ 
(Chstinsien see etna SSS Ss Ree a Sen SHS Ree cee 
C 
C LY=Q FORWARD SUBSTITUTION 
Cc 
(> inte SiS Oe Rad AE eB OR ETRY. ECR gees Seed EM cen Neca Se 
\@: 
DO 90 IJ=1,NA 
Cc 
90 Y(J)=QdD4()) 
Cc 
DO 100 J=NA2P2,NA 
Cc 
YD4=ID4(J) 
Cc 
c 
~-TF(MOD1(JD4).NE. 1) Y(W)=Y J)- 
1 DdJD4)*Y(D4(dJD4-1))/ECTJD4-1) 
6; 
IF(MOD1(1JD4).NE.0) Y(J)=Y (1J)- 
1 FUJD4)*Y(D4dJD4+1))/E(UD4+1) 
C 


IF(IJD4.GT.NX) Y(IJ)=Y (IJ)- 


ea! 


Ses 


i deli 3 de a 
aia yt 


1 B(JD4)*Y(D4(1JD4-NX))/E(IID4-NX) ae 


C 
IF(IJD4.LE.NAMNX)Y(IJ)=Y(IJ)- 
1 HdJD4)*Y(D4(IJD4+NX))/E(IJD4+NX) 


Cc 
IF(J.EQ.NA2P2) GO TO 100 
c 
MMAX=IJ-NA2P2 
IF(MMAX.GT.LMAX) MMAX=LMAX 
C 
DO 95 L=1,MMAX 
C 
LUJ=IJ-NA2P1+(L-1)*NA2 
C 
95 Y(J)=Y(U)-LL(LU)*Y(U-L) 
6: 
100 CONTINUE 
e 
Ce ahi hs genet ME A aceon ENE eh EAR OE Deh tah 
C 
C RX=Y BACKWARD SUBSTITUTION 
& 
Giant eS eee an Se NG Scie id nee Sas 
C 
DO 110 MIJ=1,NA2 
G 
U=NA-MU+1 
UD4=ID4(U) 
eS 
X(JD4)=Y (IJ) 
C 
IF(IJ.EQ.NA) GO TO 110 
Cc 


MMAX=NA-IJ 
IF(MMAX.GT.LMAX) MMAX=LMAX 


fet 


ANE 
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C 
DO 105 L=1,MMAX 
C 
LU=IJ-NA2P1+L*NA2 
G 
105 X(IJD4)=X(JD4)-RL(LU)*X(ID4(U+L)) 
C 
110 X(IJD4)=X(IID4)/RL(U-NA2P1) 
G 
DO 115 MIJ=1,NA2P1 
€ 
IJ=NA2P2-MIJ 
UD4=ID4(1J) 
C 
© 
X(IJD4)=Y(1J) 
C 


IF(MOD1(IJD4).NE. 1)X(1JD4)=X(IJD4)- 
1 DWD4)*X(JD4-1) 


IF(MOD1(IJD4).NE.0)X(IJD4)=X(ID4)- 
1 F(IJD4)*X(ID4+1) 
€ 
IF(IJD4.GT.NX)X(UD4)=X(ID4)- 
1 B(IJD4)*X(ID4-NX) 


IF(JD4.LE.NAMNX)X(IJD4)=X(IJD4)- 
1 HdJD4)*X(JD4+NX) 
roll 
115 X(JD4)=xX(UD4)/E(JD4) 
CG 
RETURN 
END 
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PARTIAL OUTPUT SHOWING GRID BLOCK SATURATIONS, PRESSURES AND 
CONCENTRATIONS FOR BOTTOM WATER RUN SIMULATION 


(Kaw = 24m2, ky=ky = 100pm2) 
LENGTH (cm)= 60.00 
WIDTH (cm) = *6.250 
THICK: (cm) = 33750 


OIL VISCOSITY (cp) = 0.1910E+06 
SOL VISCOSITY (cp) = 4.560 


OIL DENSITY (gm/cc)= 1.030 
SOL DENSITY (gm/cc)= 0.8665 


MOLECULAR DIFF COEF (cm**2/sec) = 0.5000E-06 


FORMATION RESISTIVITY FACTOR = 4.000 
PARTICLE DIA (GRAIN SIZE) (cm) = 0.1000 
PACKING INHOMOGENEITY FACTOR = _— 3.500 


INITIAL BITUMEN RADIUS (cm) =  0.3000E-01 
CONSTANT SURFACE CONC. = _ 0.2500 

SOLID DIFF COEF (cm**2/sec) = 0.7000E-08 

MASS TRANSFER COEF (cm/sec) = 0.5000E-06 

1 PERMEABILITY (KX Darcy) 


N 
1 100 100. 100 100 100 100 
2 100 100. ~~ 100 100 100 100 
2 100 100. 100 100 100 100 
4 100 L00),> 100 100 100 100 
2 100 100. 100 100 100 100 
6 100 100.» - 100s 100 100 100 
7 100 100. 100. 100 100 100 
8 100 LOO 100 100 100 100 
2 100 100. 100 100 100 100 


12 24.0 24.0 24.0 240 240 24.0 
13 240 24.0 24.0 240 240 240 


PERMEABILITY (KY Darcy) 
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100 L00c “1004 100 aaiy 100 can 100, 
r00; | 100." =100° ~~ 7100... 100°" ~ 100: 
LODE TeatOO: 10622 100.9 100. 7a100. 
TOU ee LOO he LO ariatOO® £alO0) F100, 
LOO." 1002" 100, psbOO All, ae -100. 
100. 100. 100. 100. 100. ~~ = 100. 
L007, 1002 ~1005 S100. =100.” 100; 
LOO 2 WSLOO. 9 100g ase100.° 100" F100: 
100... .100..==100.; - 100. \°,400. --100: 
100;~ <L00; * el002 7 100. “1005 > 100: 
1004. LOOsn. 1005 100s, 100.n5. 100. 
24.0, 24.0, 26.0.0 24.0 a0 24.05. 24,0 
24.0, 240, 24.01, 24.0 24.05nn 24.0 
HEIGHT (cm) 


1 3 5 t 9 11 


0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00. 0.000E+00 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 


POROSITY 


0.390 0.390 0.390 0.390 0.390 0.390 
0.390. 0.390. 03905 0390. :-0390., 0.390 
0.390. 0.390., 0.390, 0.390.. 0.390), 0.390 
0390.5 0.3904 0.3904 0.390, 0.390, 0.390 
0:390° 0,390" .0:390" 0.390° 0.3907 -0.390 
0.390 0.390 0.390 0.390 0.390 0.390 
0.390. 0.390 .0.390 0.390 0.390 0.390 
0.390 0.390 0.390 0.390 0.390 0.390 
0.390. 0.390: 0:390) 70390, 70.390) 0.390 
0.390 0.390 0.390 0.390 0.390 0.390 
0.390 0.390 0.390 0.390 0.390 0.390 
0390" *0:390. ©0.390) (05905 (0.3907 °0.390 
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CONCENTRATION 
1 3 5 7 9 11 
N 
1 1.000 1.000 1.000 1.000 1.000 1.000 
2 1.000 1.000 1.000 1.000 1.000 1.000 
3) 1.000 1.000 1.000 1.000 1.000 1.000 
4 1.000 1.000 1.000 1.000 1.000 1.000 
& 1.000 1.000 1.000 1.000 1.000 1.000 
6 1.000 1.000 1.000 1.000 1.000 1.000 
7 1.000 1.000 1.000 1.000 1.000 1.000 
8 1.000 1.000 1.000 1.000 1.000 1.000 
9 1000 1.000 1.000 1.000 1.000 1.000 
10 1.000 1.000 1.000 1.000 1.000 1.000 
11 1.000 1.000 1.000 1.000 1.000 1.000 
12 1.000 1.000 1.000 1.000 1.000 _ 1.000 
ie) 1.000 1.000 1.000 1.000 1.000 1.000 
SATURATION 
1 3 5 7 9 11 

N 

1 0.250 0.250 0.250 0250 0250 0.250 
2 0.250 0.250 -0.250' 0.250 0.250 .0.250 
3 0.250 0.250 90.250 0.2350 0.250 -0:250 
4 0250: 0.250 0.250 0250 0.250. 0.250 
) 0.250° 0250) 0.250) 0.2503 0.2505 0.250 
6 0.250 0.250 0.250 0.250 0.250 0.250 
7 0.250 0.250 0.250 0.250 0.250 0.250 
8 0.250) 0.250! 0.250? 012507 0:2350) 0.250 
9 02500 0.2500 90/2504 Unt. Oc200 7 Oe ou 
10 07250) -0:250" 0250" 20.250" 90.250 2-0:.250 
11 0.250: 0.25077 0.2507A 0.250 70250" 0.250 
12° 1.000 1.000 1.000 1.000 1.000 1.000 
13 1.000 1.000 1.000 1.000 1.000 1.000 


ENTER : FLOW RATE - QIN (cc/sec) 
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ENTER : PORE VOL. INJECTED (dPV,NdPV) 
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P.V.SOLINJECTED = 0.761905E-01 
P.V. BIT PRODUCED = 0.581341E-03 


FLOW RATE (cc/sec) = 0.8300E-01 


INLET PRES. (psi) =. 21.9222 
OUTLET PRES.(psi) = 14.7000 


X-CELL NO. (MAX,MIN) = (68.6 ,0.183E-11) 
Y-CELL NO. (MAX,MIN) =(10.1  ,-8.50 ) 


DIFF. MASS BAL. = 1.00002 
CUM. MASS BAL. = _ 1.00002 


ITERATIONS K = 7 


CONCENTRATION 


NN 
1 0.976 0.968 0.968 0.968 0.968 
iz 0.985 0.968 0.968 0.968 0.968 
3 0.991 0.968 0.968 0.968 0.968 
4 0.996 0.968 0.968 0.968 0.968 
5 0.999 0.968 0.968 0.968 0.968 
6 0.998 0.968 0.968 0.968 0.968 
fi 0.997 0.968 0.968 0.968 0.968 
8 0.995 0.968 0.968 0.968 0.967 
4] 0.994 0.968 0.968 0.968 0.967 
10 0.992 0.969 0.968 0.968 0.968 
at 0.989 0.964 0.968 0.969 0.972 
Lz 0.994 0.993 0.998 0.999 1.000 
13 0.996 0.997 0.999 1.000 1.000 


N 
1 228 0.225 0.220220 Loco 
2 0.228 0.228 0.228 0.228 0.228 
3 0228 “0228 70228 0278 9er 228 
4 0.228 0.228 0.228 0.228 0.228 
5 0.228 0.228 0.228 0.228 0.228 


0.968 
0.968 
0.968 
0.967 
0.968 
0.964 
0.984 
0.995 
0.993 
0.996 
0.998 
1.001 
0.999 


0.228 
0.228 
0.228 
0.228 
0.228 
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0.2234°0;223 "0.228 —0:228)" 0:227 
0228> 0.228 0.2280 802284 0.228 0.228 
0.228 0.228 0.228 0.228 0.228 0.228 
0.228 0:228, 0.228” (0.228, 0.228 . 0.228 
O25) 0° 0:228 0.228) 8 0.228, -0:228 "0.228 
O2238)— 0,227 ~ 01228" GO0.228: 5 0.228. 0.228 
1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 
PRESSURE (psi) 
1 3 5 7 9 11 
DIE E 19.316. 184516 LISSIE 16:661715.0 
Zan) «19535 184) CTS 16 OS 
218° -1989 “Tsi4y 1765) «16. 150 
DY Sar 193. olde 5 17S 1G 6 149 
2497 2719/3 1438.42 (1752 G16:6 5 149 
216. 19.3 184. 7.50—nd66 14.8 
ZABe) 19.3. (18.45 eileen OO 147, 
D1 Ore A931) tl8.49 ST Say LO eet oO 
20-45. #193 mi84. (Oye 16d 153 
20:4°2 19°39 «18h 1195S.” 67>) 15.6 
20.2 919.375 184 AIS | 169" 4159 
2010 «9.386: 18a: WS 16744 159 
199. 29.35. 1846 175)4 16716 159 
VISCOSITY (cp) 
1 5 a2 9 11 
498 498 4.98 4.98 4.98 4.98 
498 498 4.98 4.98 498 4.98 
498 498 4.98 498 498 4.98 
498 4.98 498 498 4.98 4.98 
498 4.98 498 498 4.98 4.98 
498 498 498 498 498 4.98 
498 4.98 498 498 4.98 4.98 
498 4.98 4.98 498 4.98 4.98 
498 4.98 4.98 498 4.98 4.98 
498 4.98 498 498 4.98 4.98 
498 4.98 4.98 498 4.98 4.98 
498 4.98 498 498 4.98 4.98 
498 4.98 4.98 498 4.98 4.98 
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0.617 0.616 0.616 0.616 0.616 0.616 
0.618 0.616 0.616 0.616 0.616 0.616 
0.618 0.616 0.616 0.616 0.616 0.616 
0.618 0.616 0.616 0.616 0.616 0.616 
0.619 0.616 0.616 0.616 0.616 0.616 
0.619 0.616 0.616 0.616 0.616 0.616 
0.618 0.616 0.616 0.616 0.616 0.618 
0.618 0.616 0.616 0.616 0.616 0.618 
0.618 0.616 0.616 0.616 0.616 0.618 
0.618 0.616 0.616 0.616 0.616 0.618 
0.618 0.616 0.616 0.616 0.617 0.619 
940 §24.0.. 240 240 240.) 240 
DAO 24105°424.0 01240 © 24.085 240 


0.617 0.616 0.616 0.616 0.616 0.616 
0.618 0.616 0.616 0.616 0.616 0.616 
0.618 0.616 0.616 0.616 0.616 0.616 
0.618 0.616 0.616 0.616 0.616 0.616 
0.619 0.616 0.616 0.616 0.616 0.616 
0.619 0.616 0.616 0.616 0.616 0.616 
0.618 0.616 0.616 0.616 0.616 0.618 
0.618 0.616 0.616 0.616 0.616 0.618 
0.618 0.616 0.616 0.616 0.616, 0.618 
0.618 0.616 0.616 0.616 0.616 0.618 
0.618 0.616 0.616 0.616 0.617 0.619 
2A0 240 24.0 240 240 240 

24.0 240 240 240 240 240 


1 3 5 7 9 11 


0.932E-01 0.931E-01 0.931E-01 0.931E-01 0.931E-01 0.931E-01 
0.932E-01 0.931E-01 0.931E-01 0.931E-01 0.931E-01 0.931E-01 
0.932E-01 0.931E-01 0.931E-01 0.931E-01 0.931E-01 0.931E-01 
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eh aay 
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0.932E-01 0.931E-01 0.931E-01 0.931E-01 0.931E-01 0.931E-01 
0.933E-01 0.931E-01 0.931E-01 0.931E-01 0.931E-01 0.931E-01 
0.932E-01 0.931E-01 0.931E-01 0.931E-01 0.931E-01 0.931E-01 
0.932E-01 0.931E-01 0.931E-01 0.931E-01 0.931E-01 0.932E-01 
0.932E-01 0.931E-01 0.931E-01 0.931E-01 0.931E-01 0.932E-01 
0.932E-01 0.931E-01 0.931E-01 0.931E-01 0.931E-01 0.932E-01 
0.932E-01 0.931E-01 0.931E-01 0.931E-01 0.931E-01 0.932E-01 
0.932E-01 0.931E-01 0.931E-01 0.931E-01 0.932E-01 0.932E-01 
0.390 0.390 0.390 0.390 0.390 0.390 

0.390 0.390 0.390 0.390 0.390 0.390 


UX (cm/sec) 


1 3 ) 7 2 11 


0.100E-14 0.858E-03 0.621E-03 0.612E-03 0.735E-03 0.100E-14 
0.100E-14 0.856E-03 0.621E-03 0.612E-03 0.734E-03 0.100E-14 
0.100E-14 0.849E-03 0.621E-03 0.612E-03 0.731E-03 0.100E-14 
0.100E-14 0.837E-03 0.620E-03 0.612E-03 0.725E-03 0.100E-14 
0.100E-14 0.820E-03 0.619E-03 0.611E-03 0.716E-03 0.100E-14 
0.100E-14 0.796E-03 0.618E-03 0.611E-03 0.704E-03 0.100E-14 
0.100E-14 0.767E-03 0.617E-03 0.610E-03 0.687E-03 0.100E-14 
0.100E-14 0.734E-03 0.616E-03 0.609E-03 0.667E-03 0.100E-14 
0.100E-14 0.699E-03 0.614E-03 0.609E-03 0.643E-03 0.100E-14 
0.100E-14 0.662E-03 0.613E-03 0.608E-03 0.617E-03 0.100E-14 
0.100E-14 0.624E-03 0.611E-03 0.607E-03 0.591E-03 0.100E-14 
0.100E-14 0.228E-01 0.237E-01 0.236E-01 0.230E-01 0.100E-14 
0.100E-14 0.228E-01 0.237E-01 0.236E-01 0.230E-01 0.100E-14 


UY (cm/sec) 


1 > 5 7 e 11 


0.100E-14 0.100E-14 0.100E-14 0.100E-14 0.100E-14 0.100E-14 
-0.404E-03 0.270E-04 0.425E-06-0.127E-05-0.161E-04 0.255E-03 
-0.816E-03 0.535E-04 0.824E-06-0.252E-05-0.320E-04 0.515E-03 
-0.124E-02 0.790E-04 0.117E-05-0.374E-05-0.475E-04 0.784E-03 
0.199E-02 0.103E-03 0.144E-05-0.492E-05-0.622E-04 0.107E-02 
0.525E-02 0.124E-03 0.161E-05-0.606E-05-0.757E-04 0.137E-02 
0.489E-02 0.143E-03 0.165E-05-0.713E-05-0.878E-04-0.190E-02 
0.459E-02 0.158E-03 0.156E-05-0.813E-05-0.976E-04-0.519E-02 
0.435E-02 0.169E-03 0.132E-05-0.905E-05-0.105E-03-0.495E-02 
0.416E-02 0.176E-03 0.908E-06-0.989E-05-0.109E-03-0.477E-02 
0.403E-02 0.178E-03 0.328E-06-0.106E-04-0.110E-03-0.466E-02 
0.264E-02 0.119E-03-0.772E-08-0.732E-05-0.729E-04-0.308E-02 
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0.100E-14 0.100E-14 0.100E-14 0.100E-14 0.100E-14 0.100E-14 


DXX (cm**2/sec) 


1 3 ee) , 9 11 


0.292E-03 0.133E-03 0.108E-03 0.109E-03 0.156E-03 0.201E-03 
0.293E-03 0.133E-03 0.108E-03 0.109E-03 0.156E-03 0.201E-03 
0.296E-03 0.132E-03 0.108E-03 0.109E-03 0.157E-03 0.204E-03 
0.301E-03 0.131E-03 0.108E-03 0.109E-03 0.159E-03 0.444E-05 
0.308E-03 0.129E-03 0.108E-03 0.108E-03 0.161E-03 0.213E-03 
0.260E-03 0.126E-03 0.108E-03 0.108E-03 0.165E-03 0.767E-05 
0.215E-03 0.122E-03 0.108E-03 0.108E-03 0.168E-03 0.228E-03 
0.173E-03 0.119E-03 0.107E-03 0.107E-03 0.116E-03 0.182E-03 
0.134E-03 0.115E-03 0.107E-03 0.107E-03 0.111E-03 0.138E-03 
0.100E-03 0.111E-03 0.107E-03 0.107E-03 0.107E-03 0.979E-04 
0.700E-04 0.105E-03 0.107E-03 0.107E-03 0.104E-03 0.614E-04 
0.327E-02 0.363E-02 0.414E-02 0.414E-02 0.407E-02 0.170E-04 
0.125E-06 0.363E-02 0.414E-02 0.414E-02 0.407E-02 0.125E-06 


DYY (cm**2/sec) 


1 a] 5 y i) it 


0.125E-06 0.484E-05 0.354E-05 0.349E-05 0.417E-05 0.448E-04 
0.355E-04 0.491E-05 0.354E-05 0.349E-05 0.419E-05 0.448E-04 
0.107E-03 0.517E-05 0.354E-05 0.349E-05 0.430E-05 0.911E-04 
0.180E-03 0.569E-05 0.353E-05 0.349E-05 0.451E-05 0.137E-03 
0.569E-03 0.642E-05 0.353E-05 0.349E-05 0.481E-05 0.189E-03 
0.888E-03 0.785E-05 0.352E-05 0.349E-05 0.519E-05 0.240E-03 
0.830E-03 0.937E-05 0.351E-05 0.349E-05 0.581E-05 0.286E-03 
0.783E-03 0.103E-04 0.350E-05 0.349E-05 0.639E-05 0.599E-03 
0.745E-03 0.108E-04 0.350E-05 0.349E-05 0.656E-05 0.866E-03 
0.717E-03 0.114E-04 0.350E-05 0.349E-05 0.666E-05 0.851E-03 
0.705E-03 0.120E-04 0.349E-05 0.349E-05 0.679E-05 0.826E-03 
0.584E-03 0.689E-04 0.670E-04 0.668E-04 0.666E-04 0.408E-03 
0.463E-03 0.126E-03 0.131E-03 0.130E-03 0.126E-03 0.125E-06 
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£0-4 100.0 65-3921.0 £0-B@0L0 Ea-Sae 2 
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0.206E-10 38.7- 345 33.7 28.4 0.299E-10 
0.205E-10°38.6 34.5" 33.7 28.2 0.298E-10 
0.203E-10 38.6 34.5 33.8 27.9 0.294E-10 
0.199E-10 38.5 34.5 33.8 27.4 0.135E-08 
0.195E-10 38.3 345 33.8 26.6 0.281E-10 
0.231E-10 38.0, 34.4. 33.9. :25.6 0.783E-09 
0.279E-10 37.6 344 340 245 0.263E-10 
0.347E-10 37.1... 34.4 342 346 0.329E-10 
0.446E-10 36.6 344 34.2 34.7 0.433E-10 
0.599E-10 35.9 342 342 34.7 0.613E-10 
@.858E-10 35.5" °342°° 34.2°-°34.2 .0.978E-10 
0.183E-11 37.7 344 342 33.9 0.352E-09 
0.480E-07 37.7 344 34.2 33.9 0.480E-07 
CELL.NO.-Y 


woececeeres= 


1 3 5 J, 9 11 
0.417E-08 0.108E-09 0.147E-09 0.149E-09 0.125E-09 0.116E-10 


-5.93 2.86 0.626E-01-0.189 -2.00 2.97 

3.98. 5.38 0.121 -0.3754=3.88 2.94 

3.50. 723) O72 «0.598 248.) 2.97 
1.83 8.35 .0.212 +0735 -6.73 2.95 


WOOANNKALWNH 


3.08 8.26 0.238 -0.903 -7.61 2.97 

3.07 7.95 0.245 -1.06 -7.87 -3.45 

3.06 7.95 0.232 -1.21 -7.95 -4.51 

3.04 8.14 0.196 -1.35 -8.32 -2.98 

3.03 8.03 0.135 -1.47 -8.50  -2.92 

2.98 7.74 0.491E-01-1.58 -8.40 -2.94 
2.36 0.902 -0.600E-04-0.571E-01-0.570  -3.93 


0.113E-11 0.414E-11 0.399E-11 0.401E-11 0.412E-11 0.417E-08 
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OUTPUT FOR BOTTOM WATER RUN (kaw = 24pm?; kx=ky = 100m?) 


0.762E-010.782E-020.581E-030.738E-010.810E-01 


0.152 
229 
0.305 
0.381 
0.457 
0.533 
0.610 
0.686 
0.762 
0.838 
0.914 
0.990 
1.07 
1.14 


0.157E-010.175E-020.147 
0.213E-010.334E-020.220 
0.287E-010.548E-020.292 
0.388E-010.838E-020.364 
0.489E-010.120E-010.435 
0.498E-010.157E-010.506 
0.483E-010.194E-010.577 
0.524E-010.233E-010.648 
0.591E-010.277E-010.718 
0.549E-010.318E-010.789 
0.601E-010.363E-010.859 
0.657E-010.412E-010.929 
0.656E-010.461E-010.999 
0.659E-010.511E-01 1.07 


0.810E-01 
0.811E-01 
0.811E-01 
0.813E-01 
0.812E-01 
0.814E-01 
0.813E-01 
0.815E-01 
0.814E-01 
0.815E-01 
0.816E-01 
0.815E-01 
0.816E-01 


0.816E-01 
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